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FOREWORD
The Weight/Sizing Design Synthesis Computer Program was developed by McDonnell
Douglas Astronautics Company - East under Contract NAS 9-12989 for the National
Aeronautics and Space Administration, Lyndon B. Johnson Space Center, Houston,
Texas. The contract involved a study to derive basic weight estimation relation-
ships for those elements of the Space Shuttle vehicle which contribute a signifi-
cant portion of the inert weight. These relationships measure the pacing parameters
of load, geometry, material, and environment. The weight estimation relationships
are then combined into the Weight/Sizing Design Synthesis Computer Program.
This report is submitted in three volumes:
I Program Formulation
II Program Description
III User Manual
This volume contains the definition of the Weight/Sizing Design Synthesis
Computer Program, along with the rationale leading to its development. Included
is a listing of the weight scaling models, the physical description of the
equations, and supporting weight data.
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The primary objective of thls study was the development of a Weight/Sizing
Design Synthesis Methodology to be used in support of the main line Space Shuttle
Program. This methodology has a minimum number of data inputs and quick turn
around capabilities consistant with the objective of enabling the NASA to rapidly:
(a) make weight comparisons between current Shuttle configurations and proposed
changes, (b) determine the effects of various subsystems trades on total systems
weight, and (c) determine the effects of weight on performance and performance
on weight.
We have used the technology developed during the Space Shuttle Phase B
Program as our starting point, and expanded this technology into a workable
family of weight estimation models tailored to the parallel burn Orbiter with
an external LOX/LH 2 tank and a solid rocket motor booster. These models permit
rapid weight and sizing calculations to be made with sufficient accuracy to
measure the load, material, geometry, system configurations, and environmental
parameters of interest to the Shuttle Program.
The study was organized into six tasks conducted in three distinct steps.
The first step was to identify and deliver baseline programs (Task l),and to
review existing technology to identify each equation and to scope the effort
required to develop each element (Task 2). Our starting point was the existing
CASPER (C_onfiguration _Analysis, Sizing and PERformance) progra_developed for a
fully reusable Space Shuttl_ and APSE (_Analytical Parametric S_ystem E__valuation),
which is an expanded version of CASPER, capable of multiple vehicle baseline
configurations, and the VSP _ehicle S_ensltlvlties Program), developed to provide
vehicle sensitivities. These baseline programs, along with informal user guides,
were delivered to the NASA at the initial review on 30-31 August 1972.
The second step of this study, Tasks 3, 4, and 5,was to develop the required
weight/sizing equations. We concentrated our efforts on those elements which
contribute a significant fraction of the inert weight, and have a significant inter-
face with the major load, material, and configuration parameters of the Shuttle.
We identified these key elements as the wing and tail torque box, the body
basic structure, the landing gear structure, the external tank, and the
propulsion system inerts. The models for these key elements are developed (Task
3) from analytical relationships to a level consistent with overall input data
requirements and required output accuracy. The remaining elements, such as the
1-I
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Thermal Protection System, Controls, Power, and Avionics, are represented by
empirical relationships developed (Task 4) from existing models, hardware data,
or Shuttle study data. Accuracy is demonstrated (Task 5) at both system and
subsystem levels.
The third step, Task 6, refined the logic of the baseline APSE program,
and oriented it to the current configuration of an external tank orbiter with
a solid rocket motor booster. Additional work consisted of incorporating
the developed equation into the refined program and installing it on the
J$C UNIVAC 1108 computer.
The results of this study will provide the NASA with a weight/sizing
computer program that: (a) can analyze the current configuration and ongoing
efforts, (b) provides various vehicle sizing options, including size to payload,
size to gross weight, and size to critical mission. The program will compute
delta payload or delta performance with provision for constant thrust or T/W ratios,
and (c) provide gross weight sensitivity to various system parameters, including
payload weights and volumes, on orbit AV, system inert weights, Isp , and thrust
level.
]-2
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2. APPROACH
Step i, encompassing Task i, Identify and Deliver Baseline Programs, and
Task 2, Review Existing Technology to Identify Each Equation and Scope the
Effort Required to Develop Each Element, was utilized as the basis for formu-
lating the Weight/Sizing Design Synthesis Computer Program. This step defined
our starting point and depicted our anticipated results.
Step 2, including Task 3, Development of Analytical Models for Key Elements,
Task 4, Refinement of Empirical Models for Remaining Elements, and Task 5, Weight
Model Accuracy, derived the weight-estimation models to be used in defining the
orbiter, booster, and external tank modules.
Step 3 is essentially the culmination of the study. This step (Task 6)
formulates the Weight/Sizing Design Synthesis Computer Program. This is the
E__xecutive Sizing PERformance (ESPER) program.
The ESPER program is a multioption sizing/synthesis program geared to the
Solid Rocket Motor (SRM) Booster in parallel with an external hydrogen/oxygen
tank orbiter for either the easterly (28-1/2 deg inclination) polar (90 deg
inclination), or resupply (55 deg inclination) missions. The program has two
primary options:
(a) fixed hardware, and
(b) iterative vehicle sizing.
The fixed hardware option determines the payload capability of a given configuration.
This allows the user to determine the effect on performance of configuration and/or
criteria changes, either real or proposed.
The iterative vehicle sizing option physically sizes the vehicles for a
given payload. It determines the size of the SRM and its propellant load, and the
size of the external tank and its corresponding propellant load. The iterative
procedure is based on either the sizing criteria of a fixed staging velocity or it
will size the vehicle to a minimum gross lift off weight (GLOW). The minimum GLOW
option is provided as it is generally associated with a minimum cost operation.
In turn, either of the sizing requirements can be run with a fixed thrust
option in which both the booster and orbiter thrust are set at given values and
the propellant requirements are determined, or the orbiter thrust can be
fixed and the first stage thrust-to-weight ratio input. The fixed thrust-to-
weight options determines the booster engine size,plus the propellant requirements.
2-]
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Each of the vehicles has several modes of analysis available. The orbiter,
external tank, and booster weight can be determined by the option of detail
analysis, detail analysis while maintaining a user input dry weight, or no analy-
sis but simply utilizing an input weight to represent the vehicle. In addition,
the external tank and the booster are represented by simplified equations in
which the parameters of interest are curve-fit to determine the vehicle weight.
In addition to printing out the performance parameters, the option is avail-
able to print out the detail subsystems weights of each vehicle, providing a
line item comparison with the current Shuttle vehicle. Another option would
be a simplified printout, containing only the vehicle dry or burn out weight as
listed in the performance parameters.
Two performance subroutines are tied into the ESPER program to allow the
user to determine growth characteristics or vehicle sensitivities.
ESPER is fundamentally based on the control logic found in the Analytical
Parametric Systems Evaluation (APSE) program delivered to NASA at ATP plus 6 weeks.
APSE is primarily a multivehicle program in which many types of vehicles and
configurations can be compared, i.e., fully reusable configuration, external
hydrogen tank orbiter, pressure feed booster, series burn, as well as the current
baseline solid rocket motor (SRM) booster with an external hydrogen/oxygen tank
orbiter.
Inherent with the multivehicle concept are extremely simplified weight rela-
tions, as depicted in the APSE system sizing network (Figure 2-1). The weight
equations in APSE consisted primarily of mass fractions, with the booster being a
function of thrust and propellant load, the orbiter a function of thrust, and the
external tank a function of required propellant. These mass fractions were derived
from study point designs, and required continual updating to meet the ever changing
criteria. With ESPER being based on the current baseline vehicle, and the multi-
vehicle studies dropped, the major emphasis of this study was directed to the
expansion of the weight relationships.
Figure 2-2 presents a simplified flow chart of the ESPER program. The program
consists of three vehicle modules, two functional modules, and three performance
subroutines. The vehicle modules contain the analytical and empirical equations
and relationships required to completely define the orbiter and booster, and the
external tank respectively. As noted in the introduction, these equations will
measure the pacing parameters of load, material, and geometry. The functional
modules describe the vehicle sizing and the trajectory analysis. The output
2-2
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is an analyzed vehicle which, when coupled with the performance subroutines, will
allow the user to derive growth accommodations, sensitivites, and payload
capabilities. These modules and subroutines operate under the logic and direction
of the Control/Assembly program.
ORBITER SIZING
MODULE __ MODULE
EXTERNALTANK ESPER
MODULE CONTROL/ASSEMBLY
SIMPLIFIEDEQ. PROGRAM
BOOSTER TRAJECTORY
MODULE MODULE
SIMPLIFIEDEQ.
1 f t ,SENSITIVITY '_ -_:&PAYLOADCAPABILITYOPTION VEHICLE [OPTION
PRINTOUT
SUBSYSTEMLEVEL
PRINTOUT [
FIGURE 2-2 ESPER FLOW CHART
The APSE program was selected as the basic sizing logic after a review of
existing sizing/synthesis programs. The review consisted of all available
Space Shuttle Phase A, Phase B, and Extension Study data. In addition to the
Space Shuttle Study reports, a total of ten additional reports were reviewed
which might have had applicability to the weight/sizing effort of this study.
The reports reviewed are:
(i) "Space Shuttle Synthesis Program (SSP)", Report No. GDC-DBB70-002,
dated December 1970, submitted under Contract NAS 9-11193 to NASA-MSC
by General Dynamics Convair.
(2) "Improved Scaling Laws for Stage Inert Mass of Space Propulsion
Systems", Report SD 71-534, dated June 1971, submitted under contract
NAS 2-6045 to NASA-ARC by North American Rockwell.
(3) "Weight Analysis of Hypersonic Airbreathing Aircraft", Report
GDA-DCB-64-089, dated December 1964, submitted under contract
NAS 2-1870 to NASA-ARC by General Dynamics/Astronautics.
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(4) "Hypersonic Aerospace Vehicle Structure Program, Volume II Generalized
Mass Properties Analysis", Report No. AFFDL-TR-68-129, dated
January 1969, submitted under Contract F33615-67-C-1300 to
USAF-FDL-WPAFB by Martin Marietta Corporation.
(5) "Weight Estimating and Forecasting During Conceptual Design", Report
No. MSC-01259, dated November 1970. Submitted under Contract NAS
9-10326 to NASA-MSC by Martin Marietta Corporation.
(6) Proceedings of Weight Prediction Workshops sponsored by Systems
Engineering Group, Research and Technology Division, Air Force Systems
Command, WPAFB, H. G. Kasten, Organizer for the Years 1965, 1966,
1967, 1968, 1969, and 1970.
(7) "Optimized Cost/Performance Design Methodology", Report No.
MDC EO005, dated i September 1969, submitted under Contract NAS 2-5022
to NASA OART by McDonnell Douglas Corporation.
(8) "Structural Systems and Program Decisions", Report No. NAS SP-6008,
Volume I, prepared by the Apollo Program Office, NASA.
(9) "Vehicle Synthesis for High Speed Aircraft", Report No. AFFOL-TR-71-40,
dated June 1971, submitted under Contract F33615-70-C-II09 to FDL, WPAFB
of the USAF by General Dynamics/Convair.
(i0) "Parametric Weight Scaling Equations for Solid Propellant Launch Vehicle",
Report SSD-TR-66-85, dated April 1966, prepared by J. E. Kimble,
Aerospace Corporation for Space Systems Division, USAF.
A synopsis of these reports and the rationale for choosing the MDAC-E APSE
program is discussed in depth in the midterm report. (Reference S)
To facillitate rapid turnaround and ease of updating for major configuration
changes, the modualized concept was utilized. As these modules are entirely self-
contained, they may be readily changed or completely replaced at the discretion of
the user.
The Control/Assembly program integrates the vehicle modules and combines them
in an iterative computational sequence for the orbiter, external tank, and booster.
The specific weight relationships developed for each vehicle module and the ascent
trajectory curve fit of velocity losses feed into this Control/Assembly program.
The use of separate modules provide a systematic means of controlling the logic
flow in the program. The ESPER control logic is shown in the flow diagram,
Figure 2-3.
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FIGURE 2-3 ESPERFLOWDIAGRAM
Vehicle Modules - The vehicle modules are made up of a series of independent
subsystem models. The advantages, from a user standpoint, of this modularized
system are unique. This concept allows the user to make subsystem modifications
without affecting the rest of the module, and provides a means for replacing the
subsystem models or the entire vehicle module with future routines obtained from
the mainline Shuttle program. The user needs only to program the new module fol-
lowing a set of straightforward rules to insure adequate linkage ,and to insure
that every required function is accounted for.
Each: vehicle module consists of the analytical and empirical weight equations
so that each model represents a group weight of the NASA functional grouping.
We used the NASA Phase B functional weight grouping (Figure 2-4) to assist in
identifying the weight models to be developed, and in determining whether the
model is analytical or empirical in nature. By defining our weight models
as line items of the functional grouping, we have obtained a direct line-by-line
comparison of our model data with the weight status reports of the main line
Shuttle program. This comparison will identify for the user which areas of the
2-6
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program need updating or which elements of the reported weights require scrutiny.
The major discriminator used to determine whether or not an item should be
analytically or empirically derived was the relative weight of that component as
compared to the total. (Figure 2-5).
As noted in the introduction, Task 3 was the development of analytical
relationship for key elements. Many prediction methods have been developed and
used in aircraft and spacecraft design over the last three decades. These range
from simple weight to area or volume relationships to extremely sophisticated
finite element models. The methods most often encountered in design synthesis
,)rograms have leaned towards the simple relationships, such as wing weight being
a function of design weight, and some geometry parameters with a curve fit exponent.
WT = f (WT, AR, AREA, ETC.) X
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ANALYSIS METHOD
ANALYTICAL
ANALYTICAL
ANALYTICAL
EMPIRICAL
ANALYTICAL
ANALYTICAL
EMPIRICAL
EMPIRICAL
EMPIRICAL
EMPIRICAL
EMPIRICAL
EMPIRICAL
EMPIRICAL
FIGURE 2-5 ORBITER MODEL DEFINITION
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The typical fuselage, due to its complexity, is often treated even more rudimentar-
ily with weight being simply a function of surface area and unit weight. The objec-
tive of our program is to have the capability to measure the major load, material,
geometry, and configuration parameters, while keeping the variable parameters, and
consequently computation time, to a minimum. Our approach to the solution of this
task was to develop analytical weight prediction models for only those elements of
significant weight that are directly affected by the pacing parameters. The analy-
tical model will be at a level of sophistication adequate to accurately measure the
effects of these parameters, yet simple enough that input data and computer run
time are small.
The development of a structural analytical model follows three basic steps as
illustrated by the Wing Weight Prediction Model, Figure 2-6. Firs_ a simplified,
mathematically workable arrangement of elements for the component to be estimated
is develope_and the significant geometric factors which are to be investigated are
established. Next, the external loads are derived and a means of scaling these
loads with the vehicle characteristics is developed. Finally, the elements of the
component are modeled to carry the internal loads which have been developed from
the external loads.
Any analytical model will have a large number of parameters. Several steps
have been taken to insure actual input data is minimum while consistent with
capability to measure the significant factors. First, a common model is used for
all structural components using shell structure. Second, careful attention is
given to all parameters to insure that parameters that can be derived from other
input data are calculated within the program, and third, in certain cases para-
meters which are unlikely to be varied for the Shuttle program, but may be
required to obtain application to conventional aircraft or other vehicles, will
be "fixed" in the program.
The models are not intended to yield an optimized structural design, but
rather to provide data adequate to define reasonable weights and their sensitivites
to the design and performance criteria applicable tu each study or configuration
considered.
The analytical relationships were used for the wing and tail torque boxes,
the body basic structure, the landing gear struts, and the propulsion system
of the orbiter module. Additionally, the tank and booster modules are primarily
analytical.
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Empirical models make up the remaining orbiter dry weight. The emphasis in
these models is on adequate accuracy with a minimum of input data, and use of
simplifying assumptions which will result in significant reductions in computer
storage and run time. The heading of empirical models includes curve fits to
more sophisticated programs, ratioing of Shuttle detail design data points, curves
through data points of comparable existing hardware elements, or a mixture of the
above. Even the inputting of selected constants, such as avionics, has been
categorized as empirical methods for the purposes of this discussion. Background
data available for this task comes from several sources, including McDonnell
Aircraft Company and Douglas Aircraft Company estimation work, and a host of
papers and contracted efforts for weight estimation methods.
This empirical approach is used on secondary structural items of the wing
group, tail group, and body group in order to completely weigh these assemblies.
By combining these secondary items with the analytical weight models, the corre-
lation of the completed body/wing weight (analytical plus empirical methods) can
be made. Similarly, certain subsystems, such as Prime Power, Electrical Conversion
and Distribution, Hydraulic Conversion and Distribution, Surface Controls, Avionics,
Environmental Control, and Personnel Provision, will also be treated empirically.
Current Shuttle work shows that although the total weight for the seven systems
above is approximately 17 percent of the vehicle dry weight, these subsystems are
not highly sensitive to the vehicle configuration. For this reason, we feel an
empirical approach will satisfy the accuracy requirements for these systems.
Additionally, the external tank module and the SRM module include simplified
equations derived by curve fitting the results of the detail equations for specific
parameters and ranges of interest. The simplified equation is an optional usage
of the program, and its purpose is to increase the flexibility of the program by
reducing the input data and computer run time. Included in the program are basic
simplified equations, but the option is available for NASA to replace them with
their own equations, similarly derived, using parameters of their own specific
interests. An example of this simplification would be the external tank mass
fraction as exemplified in the APSE System Sizing Network, Figure 2-1. The data
shown is a plot of a simplified equation for an external tank mass fraction as a
function of usable propellant weight. Output, resulting from the utilization of
these simplified equations, would, of course, not be at the detailed level as
are the results of the analytical and empirical methods. The input data in
general is geared to the Design Data Summary of the NASA Group Weight Statement.
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All modules requiring external data have their own NAMELIST input. The advantage
of this method of input is that the user can modify individual modules without
perturbating the overall input data list.
Sizing Module - The sizing model contains the iteration techniques capable of
scaling the reference configuration to meet the major vehicle parameters of wing
loading and volume. This iteration technique will scale the configuration to a
fixed staging velocity, or to a minimum gross launch weight. Specific scaling
rules in the vehicle modules establish the areas, volumes, lengths, etc., required
to describe the resized configuration without resorting to extensive geometry
analysis routines. The scaling effort of the orbiter includes the following
elements listed in sequential order. The body can be "stretch" sized without
changing body diameter; the body width can be increased or decreased, or there
can be a combination of both. The wing reference area has two main options; a
fixed area or a resized area to hold wing loading at a constant. The vertical
tail can be sized to maintain a constant tail volume coefficient.
The external tank sizing will have three main options; size to propellant
volume by varying length with diameter held constant, varying diameter with length
held constant, or size to volume maintaining a constant length/diameter ratio.
The S_M module iterates on required propellant for the design mission,
sizing the structure for a user input diameter.
Trajectory Module - The trajectory module contains the curve fits of an
optimized trajectory, established by _AC during the Phase B Shuttle program. These
curve fit equations determine the total required velocity by defining the velocity
losses. This is accomplished in several distinct steps:
a) The ideal required velocity is determined as a function of first stage
velocity, first and second stage thrust to weight ratios and the ascent
drag parameter.
b) The velocity losses attributable to the launch site altitude and the
required mission inclination.
c) A delta velocity correction factor which allows the curve fit equations
to translate through the defined losses of an analyzed point design.
The equations are empirical relationships derived from parametric ascent
trajectory shaping studies and are intended to be used for ideal staging velocities
in the range of 8000 to 12000 ft/sec. Ascent losses have been shown to be a strong
function of thrust/weight at lift-off (T/W1) , and thrust/weight immediately after
staging, (T/W2). Other significant correlation factors in the velocity loss
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equation are staging velocity (Vs) , first stage drag parameter (W/SCD) , and launch
site altitude (H). All of the above parameters are self-explanatory with the
exception of SC D. The SCD value used is between Mach numbers 1.2 and 1.5, where "S"
is the frontal projected area of the mated configurations and CD is the drag coeffi-
cient.
The velocity losses were curve fit for ease of interpolation when used for
sizing studies. The coefficients of the multivariate, polynominal fit were eval-
uated by a least-squares technique. Each coefficient of the initial polynominal
was tested for significance,and the least significant term was eliminated. This
procedure was repeated until a minimum term polynominal was determined which had
accuracy essentially equal to the original. The accuracy of the curve fit was
then improved by conditioning the independent variables with natural logarithmic
functions. However, if new data is curve fit, other functions may be more appro-
priate.
The curve fits are predicated on limiting values of the thrust to weight
ratios and the ascent drag coefficient. These limits are:
a) First stage thrust to weight is less than 1.60 or greater than 1.18.
b) Second stage thrust to weight is less than 2.0 or greater than 0.70.
c) First stage drag parameter is less than 12000 or greater than i000.
If these limits are exceeded, the program selects the applicable limiting parameter
and outputs a warning that the results are outside the bounds of the curve fit
equations and the validity of the results is questionable.
Table 2-1 and Figures 2-7 through 2-10 represent the results of the parametric
ascent trajectory studies used in deriving the velocity loss curve fits. This data
is presented to be used as check points if it is desirable to change the curve fit
equation to represent modified trajectories as the design progresses.
Performance Subroutines - These subroutines enable the user to compile the
performance data of the reference configuration. These performance routines have
three options; sensitivities, growth, and fixed hardware (payload capability).
The sensitivity data can be generated in two fashions. Rubber vehicle sensi-
tivities can be derived for virtually any parameter by varying the selected param-
eter a specified increment, and making consecutive runs on the ESPER program. Fixed
hardware sensitivities can be developed using a sensitivities subroutine, which is
incorporated into ESPER.
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ASCENT VELOCITY LOSSES
FT/SEC
V1 (IDEAL) (T/W) 1 (T/W) 2 VL FT/SEC
1.20
V"
8,000
I0,000
12,000
i. 40
i. 60
1.20
1.40
i. 60
1.20
i. 40
i. 60
0.70
0.85
i.i0
1.60
0.70
0.85
i. i0
1.60
0.70
0.85
i. i0
1.60
0.70
0.85
i. I0
1.60
O. 70
O. 85
1. i0
1.60
0.70
0.85
i.i0
1.60
0.70
0.85
i. i0
1.60
0.70
0.85
I. i0
1.60
0.70
0.85
i.I0
1.60
8,620
7,300
6,495
5p970
7,520
6,200
5,395
4_870
6,910
5,590
4,785
4,260
8,400
7,080
6,275
5,750
7,200
5,880
5,075
4_550
6,660
5 ,340
4,535
4 _010
8,250
6,930
6,125
5,600
6,950
5,630
4,825
4,300
6,460
5,140
4,335
3_810
(i) Polar Mission (50 x i00 NMI) i = 90°
(2) Series Burn (Solid - Isp = 268/HiPC -
(3) W/SC D = 4050 Ib/FT 2 (Glow/SC D MAX.)
Isp = 455)
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The growth option enables the user to grow the reference configuration in four
ways; increase the orbiter only, increase the booster only, increase the external
tank only, or increase both orbiter and booster. An incremental weight is added
per specified option, and the configuration is reslzed.
The fixed hardware option enables the user to fix the entire configuration,
thus giving him the capability to investigate changes in payload due to mission
changes (polar, resupply, easterly). Additionally, the user can run a single
fixed hardware sensitivity without using the entire sensitivity subroutine.
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3. ORBITER MODULE
The Orbiter Module contains the analytical and empirical weight estimation
relationships necessary to completely define the vehicle. These relationships are
combined into separate models, each model fully describing a weight group from the
NASA functional coding. As an example, the Wing Group Model contains the analytical
relationships describing the weight of the torque box plus empirical relationships
defining the remaining elements of the wing, such as leading edge, landing gear
provision, and elevon. Each model is checked for accuracy at the group level, i.e.,
the wing model is checked against existing wings (Figure 3.1-5), and again in com-
bination with the remaining models making up the Orbiter Module against an Orbiter
point design.
3.0.1 The Orbiter Module is set up to analyze a point design vehicle with
minimum data. The NASA weight report and design data, coupled with a three-view
drawing of the Orbiter, supplies all inputs necessary to analyze the configuration.
Volume III, The Users Manual, lists all required input data, and delineates the
interface with the Group Weight Statement and the Design Data Summary. A point
design analysis will give a detail line-item comparison with a contractors weight
report. This comparison will provide insight to variations of payload and perfor-
mance characteristics as well as indicate subsystems that require scrutiny, either
updating the model to a more realistic level or possible errors in the contractor data.
To run a point design analysis, it is first necessary to determine the perfor-
mance characteristics, if unknown, from the ESPER program by running a fixed hard-
ware case. In this case, the vehicle module weights, propellant, thrust, and veloc-
ity losses are input, and the payload capability is measured for a given mission.
Next, an iterative case is run, using the data from the fixed hardware case. The
payload, propellants, losses, and vehicle module dry weights are input. The program
then analyzes the various subsystems and determines their weight. The growth/
uncertainty of each vehicle module is allowed to "float", i.e., vary either up or
down to maintain a constant dry weight, therefore physically sizing each system
to the point design loads.
3.0.2 The primary purpose of the Orbiter Module is to provide the capability
of analyzing an iterated vehicle to determine performance trades and to lend direction
to the overall design effort by answering such questions as:
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I. What happens if you vary engine characteristics, such as Orbiter
thrust, or specific impulse?
2. Is the staging velocity optimized?
3. What is the minimum gross weight vehicle for the users constraints?
4. What is the effect of changes to the primary construction material?
5. How do geometric changes, such as aspect ratio, payload bay length, or
width, effect the configuration?
The inputted parameters start the Orbiter Module iteration for which lift
off weight, injected weight, etc., are calculated. These calculated weights,
in turn, modify the aerodynamic surfaces; the wing area changes to maintain a
constant wing loading and landing speed, and the tail changes to maintain control
capability with a constant tail volume coefficient. In turn, these modify the
surface controls and the thermal protection system. The auxiliary propulsion system
is affected by injected weight and the landing gear by the landing loads. The body
is modified by reactions from the above systems which, in turn, changes the inter-
stage loads which ripple changes back through the body. The entire module continues
the iteration until a completely balanced system exists.
The following sections, 3.1 through 3.6, explain the derivation of each of the
primary models making up the Orbiter module.
Section 3.1 Wing and Tail Model
Section 3.2 Body Model
Section 3.3 Thermal Protection System Model
Section 3.4 Landing and Docking Model
Section 3.5 Propulsion System Model
Section 3.6 Remaining System Models
These sections contain the individual model subroutine listings along with a
definition of variables. These listings are in FORTRAN V and were written for use
on the XEROX SIGMA-7 conversational computer. They are included with the model
definitions to facilitate the usage of the individual estimation models for compo-
nent weight estimation.
3.0.4 Table 3.0-1 is a listing of a typical input file for the Orbiter
Module. The definition of the input variables is contained in the program users
guide, Volume III, and again in the subsystem models, Sections 3.1 through 3.6.
Table 3.0-2 is a typical output of the module and is for the NR 2 December 1972
3.0-2
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CBPY J
1
3
7
17
_q
_0
?t
_3
PR
_8
31
_3
3_
36
37
39
_3
_6
_7
_9
E!
TABLE 3.0-1
ORBITER MODULEDATA FILE
TH_ATA ?_ I P(K,NC}
" I_.0_0 WI ETnS,g._#TLTP_,_._m,TLPLFm,Onn. TLETPS'_._I
• I_,CO_ I_CmI_7_,mLOI,3_.mL_TPqmI,0mP_Im_,omPNeT_mOmO_PRBCmI_2,
• 17,00_, PPCm_go*NYCeTT,,S_kmI|_,m_CTPS_o_mS_Im_2AO,mS_CmOoOmWSImS_m---
" IR,O_ PRG_mlo,_Plm_,mN_ADmI3_O._SN_Am,POOO,_HUI.LmqTm
• l_,C_n _ULLm_,,_TU=qROC_,,_Om,PR6mH_TLmlmNCLENm20,aOCL_Nm_O, .....
• PO.C_O _LENm77.,0EtFNm172.,CPIGTmll
? .... _I,Ce_,._PF_S_mS_,7_DrNS_,eO,_,_flTm,_6,rTUTmI350O_,m_KESOH'_I60,.
• 2_,0_ R_SP,,l_¢TU_mJ_5_OO,meMS_NGI_qO,mPRflPSY!_7,_HSOULFmlO71m
• _ P_lO_ _.P_ESFw_,_P_FS_I_,_ACSPR_mTPSOamACSDENwklm3_CSPRS=870_ .__
• _5,C_n L_rTUm_OO,,LGVCLmISO._LGLCmqS.,LGLSmllT.,_RCF'315000. _ _
y........P7,00__ FTXOWTT00._IJ_CIW,I_ER_SNml_m_RES0m_5,_RESVmB7R_
= m_,Cnn FTXe_BmO,OxrTXwnm,O,O
• _0,0_ PPWRm3_IP,#HY_RKmo,O,EL_CKmOIomSURFKIOIOaAV|_N_m&&SR,O
• 3P,O_O PI &NWTmPI777_._RLRWTm26R7_lmm_L_W|_m_370q_*mTRV=_70_RO.
• _,O_m A_lll,_,lqmsqflimmPPn,_ AHB(IIm,_I_T_C_II)m.Oq, TOCT(II,,I_
• l_,O_n _CTCl)*I7.5,T_ET_tIImlO._NZIIIm_,7_#DFL_IIIm_q6,aL_(1)-O.O _ _
• lq,Oon THINIIIm,_3, ULEIIImI.60.WL_IIImO.O.CLEIII',I,_ICP',30_,ITLP'I,
• _.C_n [H_DIJIIi,IOO_OO_.mW_IIII,O,O,WC_IIImO,O_HIIIImo,o,RLPI(1)'O,O
• _I,0_ _l P_Ili,RmO, mCHI ( t )mn,O
"__.CO___gCT(P).o.,THFT&(21"3_.#NZ(_)mO.mDrLPI2)m_7,,LH{2)'O= ......
• _A,C_ C_{P)m._O_SmTAUIPIm_32_a,TEHp|E)mTOm,UWWI2}m_.mC_R(P)m.A7
• _7,8_ TH|N(Pim. O3mIILE(?)ml.6mWLF(2)m_._,CLE(P)m.lmRDCm._&,UR_'I.75
• _9,C0_ BL_2fEImO.Om_CHII_Im_.O
"__50_O00___.J_JJ_I.)J._'-3JLLL_,I.YE_O=.'_=._Z_=O_,.q-&_RLJDICLO_T-I]L_Q,L-
vehicle easterly mission. The Orbiter Module dry weight is shown as 172,107 ib
and compares to the reported weight of 170,000 Ib with a variation of 2107 ib, or
1.2 percent. Table 3.0-3 is a detailed listing of the Orbiter Module.
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12125•
227 I.
3476 •
215•
560•
27b.
501.
4020.
2571.
1000•
3Oh.
106b•
1200.
(
9644.
1278.
1_153.
O.
300.
1382,
89,
77.
11_,
(
1336.
7691•
2576 •
•
19_0,
12IV.
t3_.
10,
713.
lOVb.
133•
lO_b.
1941.
48_,.
149.
20647.
6267,
31041.)
11503°)
( _II14.)
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TABLE 3.0-2
TYPICAL OUTPUT (Continued)
IH_,:tl_ir+:-:_
.J 2, '
..... _'. +>l_ _l":v
,"7_DL)! iL r:
• . 7,,,5 <,4'S :6 ] T:'._
v_-];'ff, :_I :,+, _ ".
>-,LKC i '-_I C A1
L r t):,c,/_,)L I C
:, I.£':C:':: I._::"h.l::SL,5
" ['>CKLL:_i_F: ;;',
-,:: ,'] 14/ IIXfR_::x t "k I{'x l ;
1310.
300.
1443.
910.
39t).
+,4! •
2095 •
1U/l .
3_#63 .
4 :-'.'J _ •
;_ _ '.l_K! ;_'+i
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( :_ 166 • )
( 3V12.)
( 46,q_.)
<: 2'P_6,4. )
( _btt.)
( _qbL) , )
( 4Uv3. )
( 1 /z.-_ . )
( J.)
( 13 "_3 LJ • )
( ( 1 /:71Ui.))
t:-.';llb::: KlbblLr, :_-lbtL,%'r
,,_,:Y .._f"I__t-4i ( 17,4lul .)
7' L.'-, "-7L N.x;-:L ldL_O °
; :74 "-:_:.;L) t-;:-:C_' ", t • ;:?VL':,::).
'_.IL:.'+'_t.'. I jr> bl<_13 •
! ,,.F :; i ..2K I G l-ll ( _£:: _ '>'_:). )
i:I,yt _ lN,_'Lt,]:tl LCS"DF5 35/2 •
9.(:5 P,:_,}_ ,/] 7_{hi].
L,r::',:.S r>:>.LP :_i 2303 7.
,_.-:-; i,{AI-'KI' ;_:,,3: :) ,; i [ I.)OiJ *
;::_!,S_ ,'Ji (:,:.:P-::,',L r ) ( ::_,737 ztz4. )
(l__;\t) A! :_Ai=4t),]i}O.)
LAi'IhlN'3 ..;!":I i!_-i (4112;-:U.)
fIN J": ',',T t;_"Y=bl613.)
I _, <.J!':C i K i.; ,'; !': I ,-; _" ; ( 2 4 9_ 1 4 4 • )
3.0-6
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORT MDC E0746
VOLUME I
28 FEBRUARY 1973
TABLE 3.0-3
DETAIL LISTING
tMI_,& rrl_ 1],t"/q 10m12_£
JO_, W:5511 ;WWTqIZ
__ L I M 1T+ _( ORDEr] • t &C¢OUI_,LT_Ld.CB - a.)_LLI'J..,_I___.);/L..LqJ._O_L,IP.C.,-P.Z_O--)-,-LI'_r_O0-} ,J-aTJ n )
PCL
COPY TKStZ1 T_ I.P(KmN{_)
t
..... 1+nt FILl, _'s I_uS'Y-L ..........................................................
COPY JIM_RB I"_ L_¢K,NC)
_. - P,onn C SUBRmUTINE ,tq_mmDEt
_m._
6-
7-___
9 ". 9,
10 • 10.
11 . It.
13 -___t3,
1_ - Ia,
15 • _ 1_,
17 o_ I_,
5_ - IW,
-.__.I_.
• l_,
• l+,
• l_,
"+__I_,
• I_,
• .... 1+,
• I+,
-_+_1_,
• 5+,
• 1_,
-._ 17.
• tg,
• _,
• _P,
• P_,
. _,
m
m
W7 -.
W8 •
....... _9.J__33.0on
__. 19
P(3
t)3
.... P5
P6
_7
_8
.... 31
3+
33
.... 37
3m
39
++0
+I
,II+9
....... +3
41a
+5
_,O_n P, Tr,FTW,FIXN_D
.7.0__'I_ISP_S_IRRBvIIsPOBR_ISP_EV_SCD_B?_ ..................
_nn ...... ReRFL_THOTC,T_I.TaTHBTC#_SOQ.ISPB,PRQP_T
0_ 6;P_POIjPRRP_P.CW(_),OVB_C_OVB,DVT_TC, W{_SC_.BINWT+BLANWT
_0_ ..... h_T_JWT.BLBWT,BGLOW_GLO_,T_T_L_S_P,M&TCH.TLSRR,FPRP _ +
CO_ _aflHQLDm_LLPL_IRI.BWI. Q.QHSI_m. RHSOVTmQHSOVP_QHR
_O_..________9_L_SP, TRW_+TBWB_SrNS_GR_W,HINGLW
_Qn C_M_QN/qP_Q/_I+_2;PL+WTAUX_WT_CS,AC_rNG, ACSSYS+WTACTK
O___+la&C_D.WT_M_j_HSENG+PR_P_Y+WTBMTK_Mfl_ULF .......
OA_ I_SU_;E,oPW_+_Lr_mHYD_+AVI_.ECLSBmPP_V,6UNCWT
I_h___+_flR_MIS,TA_P_B_qURFK ....
_ t_PF_qBN,_Brq_ESV,RLBkDLJ_PL_AOD,_CRPRB.WBPR_P.SUDLE
2_ I_WWT,WSG,w_3T_wTfl_BF_WT_cmC.LEW_'T_oWArL_WkS+wAD_,W_H
2A_.__hWAP.GP_QV.PWINSK_TktL_TS_TBSTR_TTBRgB+TLE+WRUD,WR$
3P_ _aWR_RIW_w,WRm_PTAILK
3A_ .... t_37.Ut,G2.G_.G_G?_G_Gg,GI_+GI1,GtP,Gt_Gt& ......
_ hGI7+(iI_GIg. Gp_GP3.G2_3_K.G26,G27.33R_G33+_3_
+_n I,TOITPS,,X_GWT,WGWT,WGLEWT,TWTITLE_T,BLBTPS
5Pn___P_BAqFwT.TBTWT,PTRSCN,TTWT,RTPSWT_MC_WT_LDTWT .....
5A_ 3_PRMWT_PPPC_PHYC_S_WT
6Qn__ImTAPRQP._NGP_C_NG.TVC_CBNTR,PRPUTL+PRBSYS .......
_n _t;A_,PRC_CWTL_PREVAI _FEF_._SC_MISC
____.__.t_LN_K_NGI,N_2+'JG3.NGEAR,_I.HG2_MU3._OEA_,kXhkX2__
7P_ paAX_,AX]F&R_I N_KK
Onn____ C_MM_N/FXT_/BSDGRP,T_TPB,FW_TK_Fk_RT_FW_BLF_F_ETPS
0_ i_C_T°TPRT_/CYLSCT_ACY_aI_TBLF_W_NT_P_SY_&FTNK
00_.___ P_FF_YS.rWD_I _,PRSVNT,AFTEVL,SU_iP_&FT_LA_PNPUITWINT __
OOn 3mNfl_FAR._V_QNT,(IMPPNL_WRFTPq. TU_NEL,MISCT_B_FF,SU_D_Y
OOO___U,n_Y'VT_REqlDT_UN_RAN_FFF_TP_PRSU_T_FBTAS_INERT ......
0_ _G_SW.TLkMn,_TRkP_FXTL,FXT_,BLKHD,;XTWB_EXTHH,SIM_TK
0_ .... CQH_RN/_TP_/_+HTV_LTV#HP_LQ_LI_NX,NZ,FR
0_ I_NF,HL_X_KI_¢FW.VC.PC_S_,I _G
O_A ____ _FAL_TM?_qL_H_T_US_F°I. FS_bELP,CAS*RH_B
P_,O0_ _TAtlB*R_F,K_,_KT_K3_K_._C_FAr_S&W,FAP_TAUPB
_7,00_ _DFAC_ET,RHOTP,q_OPB+K6
PA,OO'n COMMQN/?_E_O/_CTPS,_Ca_k_TPq_F_DA'CTTP_CT_,CSTPS
_9000_ ..... P_CSA.CBTPS,C_A_ATTPS_ATA_A_TPS#ASAmA_TPS_ABA_BASTPR
_000_ 3_BI_;T_qC_N°WGTPS.WGPLE_'L_TPS_TLTP_,TLPLE
3100_ ..... _TLrT_S.MCSTPS_MCSk_WACON,T_CBN_IPA_TSTPS_IBC*LDA_LDTPS
_P,O0_ 5#_RRA#PR_TP_*P_CaPPC*HYC+_CA_SCTPS_WI+SWC_WSI
C_MBN/_sPD/PBGB_SPIJHHEA_RHEAD,H_LL_BUL_FTU_RHB
I_MATL_HCLEN_nCLFN_EL_N_OFLFN+CPLGI
CBMHBN/LDGO/I_TU_LGVSL_LGLC,LGLS_LG_IA_BR_F __ _ .
N&MrLIST AQI,WTVaLYV,WB_LP_Lf_NX_NZ_F$
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I.'_5 -
ilA •
......... 117 -
'119 •
IP! •
'1;}2 •
193
t,=7
..... t=9
t33
137-
133
__ t'_5
137 ',
_.39 ,,
IWO .
I_,5 -
....... _7 •
189 •
151 -
........ IB3 -
I=R_, .,
_.B5 -
_B6 •
_=i7 -
....... ]B3 •
IAO •
1_P. -
......... I_,R •
t&6 -
,_f.,q .,
170 -
7a.O0_
7q,C_
_,C_
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TA BLE 3.0-3
DETAIL LISTING (Continued)
_TSMTK=_TA_K+_T_N_P_rSTK
_TO_R'WT_HT_*gM_E_G*P_PSY_SDULE
C AC_ _YSTrM C_LCIILATf_NS
V=TNKmA_V_L_AC_PR_/o_ES_t._ 7 ....
PTNKu3.1ple_QTIPP_R_IVPTkI_IFTUPI_?_,I_t_R
WTACTK={AEST_K_PTNK|Ii,2_ .........
WTA_¢_TACTK_AC_SY_+ACSE_G_ACSHSO
...... WTAUXmWTflM_+WTA_S ......
__ . SU_9_Y=_.'_T_T_L_SBT,T_TTP_÷_tlRFC+TAPR_P_WTAUX_BHf_
I_PP_r_*wY_+FI EC+AVfRNOSECL_Q+PPR_VSL_DDK÷TABPR8
_7,0_n |rfrtXD_T.GT.O,_) _UNCWT.rTX_WT.SUSO_Y
_q,O0_ eUNC_T=_UOI_F="UNC!
9_,00_ S_.-- O3RYWT=qIJgD_Y*_UNCWT ..............
g1,0_ _fNtNT'_YWT+PF_S_N÷R_SD+PLR_oU
9_.CO_____I_A_'T'Qf_WT.PLnAO_+PL_AD_RESV .........
g3,Cnm _I_jwT=_t.A_?÷A£SP_9÷wBPRnP,R_ESV,PL_ADD+PLe&DU÷_Rf_L
gR,C_a 8LSWTmSfNQWT_T#AP
9A,O_ ...... OLQ_'LQ'QL_WT.W_P_OP .............
gT,0_n OLLPI_-_I.OWT.WSm_BP•PLSADU-
g_,OCn ..... _9 T_ 5_
qq.C_ _0 eL.LPLP-_LLPL_ "
_gBC=_ .......... _Ps',/_P_D ........................
9q,_A_ _ OLg_T=_I.LPL_+PL_A_U÷WOPR_P .............................
ice,Con _nO C_LI _UTPUT
..1C_,0_ ...... STgP ............................
tCP,O_ E_D
1_3,C_ ............ SW_UTt_E A=RQtWSG_WBCT,WTHrTA_WNZ,W_=$AIL_SRUD_VB .....
t_W,OOh I_mV._ES3,T_G.RU_FI,LB_LHG
_,_ .... _WT,_RRTR,W?PR_E_WTR_B_LEW,WT£_WAIL_WAS_WADR_WAH_WAP __
%_.6_n ..... t_TAfL_T_RTR,TTQ_B.Tt__WRUD=WR_,WRDR,_RH, HRP,P?_ILK_ .......
RFA(_ LA_L_,M=K_NZ_LE_Kr&_,LAHBP,HP,<P=LE_
=_PTnXE(_I_C_/P),RHP(p)_FA(_),CSt_)_TAJ(P)_TFHP(_)
...... 3_Uw_,(2).CSRI_),TMIK{P),UL_(_)_WLE(2),CLE(2)
CBM_N/:_K_C/ ARoSG.LAM_TBCR.TOCT_CT_H_TA.NZ,D_LP,LH
_PT_XC_oTBXE.CB.R_FA_CS.TAtJ_TFMPmEJW**B_SEXP_SL_RBM
..... 3_FHflbU_L.)_WP_,WmREL_WC%_WC2.CMi_BLPI.gLP2_BCM_
=_WLr_UL_C_R,TMfN_WANS(2P)_TANS(2P),_LI_SL2_CLF
____C_/pWRwIKFA_AfLP_AICP_UWA|L_q_wTNGK_TLD_SH_DR_TLML
Cg_NI_RVT/_C_RI;DIIL_U_q_VTVC_LVT_qPRUD_TAILK
........CQ_MRNITJAI_/ P_QPB.PRgP_,B_T.BCA_.IT_QCANT,eCANTY ._
It_C_,'TP,_gr_B_'gE_;Off_T_B_L,TNBSL_T_RV,TBV_FL_W_
_TF,FTW,FIX_
q_TSP_S_T_P_V.|SPOB£_ TSPO_V_9_D_TW
IC_,CO_
IC_.5_n
111,0hn
i1_.OOh
117o0C_
............ J71 -. IIg,0____,DVC9OR_TNC_STAGV_DVCOh;,DVCNST ...............
172 - _=_.Ooh F_FL,TH'_TC_TNB_LT_TN_TC_IqPg,ISPB_PRR_ST
173 - _PI,C_ ...... A_P_P_,P_PQ_,E_(_],CV_C_VS_OVT_TC,_SC_R_NWT_LA_WT
t7_ • _?P.C_O 7_QI_JWT,QLQWT,flGLOW,GLQW_TmTtL#S_P_f_ATCN,TLSSR_FPR p
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TABLE 3.0-3
DETAIL LISTING (Continued)
175 -
176 -
177 •
t7,_ -
179 ',
IA3 ,,
I_7 °
Ig3 •
lq_, •
t95 ,,
196 •
t97 -
tq8 •
lg9 •
_00 -
203 -
_7 -
;_C}g -
P_q .
;_11 •
713 -
_1& ,,,
_3 -
P;:}7 -
l=g
l"V'_
1_
1_7,C_h
,0_ .... g_L_NGP_T_W_gWg_S_N_G_BW_MINGLW ..................
.Cmn 1. Am,_,l AmB,T_Cm_T_C_,BC.T,_H_A,NZ_DELm,L_jP_B_C
• O_ _PT=XE,_BIRN_JF_CR_T_U_T_UP_UWW$CSR_THIN
• 00_ .... _ULr,K_A_,AT£P_tIWATL_CLEm_LP .........................
.00_ _DC,RU_LJL,U_S,WLE
• C_n R,'.WmR_VTVC,LVT_PRu_.WIN_K_TAILK ............................
,5e_ _,_U_',_CI,W£p,EMI,BLPI_ELP_,BCMI_SMGDR
• EP_ TL_=L_3
.5_ TLMq=LM3
• 3_n . I\_PuT(I )
.C_,n CALL w I_G(K'_GmwmCT,J'eLA_WT,_iL,LEW,_As_WADR, WAQ;WXP, W_IL ----
I_7.CKn---WT_¢TAI_ETAtJ|
l_eC_ .......... W_SmqG(J) ..............................................
lqq,C_n WgCT,_C_tJ}
l_q,R_ PW_NGKa_TNG_
la_.O_n CALl vTAIL(J,QLANWT_WSG_WB¢_RUOzTLE_WRS_WRDR_WRH .......
I_I,0_ I_'_P_TA_LaVB.P_TBST_,WRUO)
1&_.O_ V_,_
I_m.60_ SURmf=SPRUO
l+_,9nn PTAtl KITAII+.K
I_.C_ R;TLjPN ...................
t++.Cnn EkD
I_,C_ 1_";Afl sWTF_WW_WRSTR_GPROV|
l_7.C_n _ DTHEK:ST_ A_(PI_SG(_I_LAHB(_)_TOCR(_)_TeCT(_) .........
l_h,Onn 3,U_'"'(2).CS_(_),TMIkC_),UL_(_I,WLE(2I,CL{(2)
l_,C_n CQ_u_N/_W_C/ AR.SG.LAMB_TQC_,TOCT_CT+TWFTA_NZ_OFLP_LH
15_.0_ I_PT_XC,_TBXE,C@+RN_CS,T_U,TEHP_U'W,_B_SEXP, SL_RBM ........
1_,5_ bP_U,','RWpK_,W_REI ,WCI_WC2,CMI_RLPI,BLPP_BCMI
l=_,Onn ....... P,,_L=,ULr. C_R,TMIN_WA_S(2P)_TA_S(?2)+qL1_SL2,CLF
lh_.Crn C_'_/PwRw/KEA_LP,AICP_JWAIL,V",N_R+WTN_K_TLDQ,SM_DR_TLMe
15A.C_ J'l
I=7.0_ I;('_W_S.GT.O.,)) SGIJ).BL_NwT/WW_S
I_R.C_ CALL TG?_gX{J_OL. ANWT)
L_C-TLD_
..... L_G=_L_q
E_C.BCTtj}/B ...................
C_=(P'*RG(J)i/(m*(I=+LAMB|J))) .........................
_pI_=_CT(J)
ST_=._T_XE(J),srXP
Cc.C_.(_.._C_(I.,I_MB(Q)) ) ....................
SAIL..AIt P*Sr*AfCP*C_/_.*(=..[it-LAMB(J|i_CRCFm(I._BSC)*|_IL_|)
C;.{P.'q_IL)/(Br*(I.+LAMB(J)])
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.air
P?46
_37
P_2
........ R_5
R_7
R_9
..... PSi
_5_.
_.53
P55
PS_
.... _7
. _ _._,3
767
PAR
.... _9
97?
_73
.... ;_75
?.7x,
;_77
_7_
P79
...... ?_I
i
17_,0_ TT•CT*T_CT(JI
17P,O_ _U_=SA/L
_7AoC_ W_•_JWAfI*_kfL
la_.O_ WAll =_Aq÷Wk_+WAH+WAP
l_1.2nn WLFT,2._*SI._',"L_(JI
18P,_Om ........ LFW,WL_T_UL_(J| ............
1A_,C_ _. WTEm¶o87_STE_(,QOleQLANNT_NZtJ)ISG(JÁ)_,2 .....
I_5,C_n Ir(_l 2*GT._L_| WTE.i.A7*R_F=IoOOI*D_LP(JI)ee*_
IA_,C_n WWT_WAN_(2P)_LFW_W_ILeNT_+Wf_K_GPRQV
i_.Sen WBST_•W&NSIPn)+WANR(Pl)+LrW÷WTE
1_7,C_ _ RFTLJPN
iR_.Onn END
i_q.C_n ..... SUS_QUTtNE V?AIL(JoQI.ANWT.W_G,WB,SRU_TL_WR_=_RDR -
iqO,C_Q I_I_R_,w_,TA_I _VR,P,TRSTR_WP_}
I_0.9_ .... REAL LA'IB*LH._I_NZ_LE*KE_.L_BP_H_,<_LE_
Iq_,3_ |aK_PP_K_CaHPP,L_I HG
_gl.C_n .... DIi_rNS_N A_I_SGIPI_LAHB(_|_TflCR(PI,TSCT(P)
Ig_,C_ t_CT(2).T_rT&(P)_NZ(P)_DrI.PIP|_LH(2|.PTBXC(_)
196.C_ CQM_NI_wR_/ _q,SG,LA_,T_C_.TeCT_CT,TNFTA,NZ_OFLP_LH
_97oC_n ___ 3_mT_XC_mT_XE,E_,RHR,_A_CR,T_U_TEMP*U_*_SEXP,SL_RBM
1q7.5(:_ _,rM_U,;_WPK_W_REI ,WCI_kE_M_,BLPI,_LP_,BCMt
19_,_Q . . 2*WLF=ULr_C_,THTN_Wk_S(2_I_TkNS(22)_LI_SL2_CL_
iqg,CC_ CpHMQN/_WNVT/_O_,RLJ_UL_UQ_VTVC_LVT_QP_JD_TA|LK
2CO.CO_ .... J=R ........
PQ_,CC_
2_9.Cen
?_C.Cmn
_.C_
2_.C_
PPt.C_
.... CALL TR2=gXI.J,_LANWT_ . _
C_F_=C_qITH_TA(.II/KT._95R|
..... CR=I_,*_GIJ)I/I_*(I_+LAMB(J|}| .......
CT•C_*LkM_(J|
_t_P_U_,GT,n,01TRCT(J)ITPCT(J|*_5 .....
TT•_TiTQCT(JI .......
........... C:_,Rf)C_tCR+CT|/_, ......
SRUb=_Or_SG/J)
WLT_•IP.I(T_*TT)/_.
Hl L_=HF/rO_T ....
IFlc_U_,EO,n,Ol G_ T@ 10 ...................
wr_s.k_S.p.
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3._8 -
)59 °
_AO =
_AI - _
3A;} =
363 =
_A5 -
366 -
........... 367 9 _
:3_,9 -
37_ •
371 •
37P •
......... 173 -_.
_7_ -
375 •
37F_ .
_77 •
_7_ -
..... 379 -
3_1 -
3A2 •
_A3 •
3R_, -
3R& =
3A7 -
3R8 =
3_9 -
3qO -
.... 391 -
_93 •
3q_ "
395 -
396 -
....... 397 ,,
399 •
W(Y) =
WC_I -
_,02 •
......... W03 -
We,& •
W(37 -
WO_I -
W)3 -
WI] •
.......... W15 -
_,'J6 =
, WI7 •
W|8 =
TABLE 3.0-3
DETAIL LISTING (Continued)
PA_.3R_ C_ARF-Fr,C_cr+_r
2A_._n SLRATII(C_A_L $C_AGp)*ETA_/_" - I
2_._ ETA_X_m(_TA w_3"qLRAT_*ET_*'_'(I''SL_TI)'ET_)
EAq,WW_ _ .. II(I..5LRATI) ........ ---
_h,WA_ ETAFXPmFTA_XP*B/BE
2A_._n ETAt._mt_,*L_HB_*E.|d(3 m_(L_MBP*%$1L-
_A_,Se,_ RLCP=ETAFXP/cTAL)K _
2An,qPn ..... SLTPTI((QLANwT-.5 *WWI=NZ(J)*I H(J)) .....
_O,B_ SLkmRLTnT_(I,,_ RATI )
26_,5An ..... SL_,_ELR(J},REX_ ................................
_A1.O_n SLmql 1
2_W,CO_ I; t_L2.GT,SI 1} SLmSL_
_AAoC_h R_P4IPLCPI(_L/Ao)#BF/(_miE_ST) I(_°_LAMBP$1I)/(LAMBp$i°)
........ IF (J_F_*2) QBMI_m_iRBM ..................
?_B,CH(,JliRnRPc/PO.
TC_vFmTc_I(R_{J)*IWA,)*PR/_A(J)
_A7.OP_
9AT,C_Q
_67,C6_
_67.0R_
9A?.lOh TRI_rIT_p/(R_QtJ)eIW_. )+R_kN/RA(J}
2_7,1P_ ....... TRSTF,&7.5.R_M.12,1(_,IWI_**P.EMBDUtJ)'PTBXE[J)'CFeI_.'RBSPC)
2ATm_wh Ir{T_STEmGT,TR|_F) TRIBFmTRRTF
2_7
267
767
2&9
271
_TP
272,
,2_ ..... WRI_TIR_[J)*Tq? _T*TT*CT*pTSXF(J)=_'
*2W_ ........I(COqT_T_/I,_}]) **_q_ .......
,COn G(IIm2,1C_IJI*STSE
,COn .... Gt_).2,.CB(JI*S_I_C
,O_n GI3)mWH"(J)*KP*nE'nHM*(I, +LIMBP|/IFAfJI*'B_TF*I_*_LAMBP'[_|i_$_---
,OO______G(_|,Rv_(J}.n_M-2,*C_ST*_CTtJ}*I_WtltFA(JJ*m_ *TF|
.O_n TCmTP*(_ ,'(I*'MIeBI Pl (J)_P'/BE)
,C_ MPPmTC/T c ......... " ....
KMpPI2,,(I./(I,=MPP)+HPP*ALQG(MPP)/II,-MPP|ee_]
27P,C7_
@7P,CRn--
27P,lP_
27P,tAa
27_,2P_
ETP,2An
P7_,3_ ....
97_,3P_
27P,g_
27P,3An
27P,3_
27_,_AQ
BLIm(dLn_IJ).nC_(JI/p,)/CnS?
WnFLImW_;LI*_N_tJ)*w£1(_)*_JZ{J)*BLt*I_**CBSTeBCT(J} I
..... I{_A(J)*mR*T_%
W_ELi,Wm_LI+_H_(J)eWCI(J)*K>Z(J)*BL%_I_,ITAU(J)
TZmTpm{Im-(I,,N)*BIP_(J}*Pm/BE)
MPPmT_/T_
KHPPm2m,($./(t,•HPP}÷HPP*_L_(HP_}Z(_-HPP}e*_I
BL_m(_LP_(J)._CT[JI/P,)/CR_?
WRrl p,WRFL_+_(J}*_C?(J)*_Z(J)iBL2 *4WW,*CBST'BCT(J)I
___ %(rA(J)e,R*T_) ....
WCMI_**_9(J|*C.I(J)I_CMI(J)*)WW*IK_C/(FA(O)I*&*T_J----
K_q_L,(,WRCLI,WnELp_WCM)
. G(B)mI2.*R_Q¢J)*_E/CQST*(P,*£S(J)_(, _ITR_(%'÷MP|/2"|_2
G(A)I2,,CH(J},,_*TF,PCT{J}/IP,
G(7)I2,._{j)._BM.Ip,/TAU{J)
TF(J.EQ.p) Gt7)=@(7)*,5 ...............
G(I_)I[_(_),G(_)+GI%IeG(7)$_(R||IO_I
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_19 -
_0 -
_P3 -
_.P7 -
_2") -
_3_ "
W_I;= .
W33 -
_35 -
_.37 •
#._,2 -
_ •
_St -
_53 -
_,55 -
_.=17 -
_59 •
_82 •
a._6 -
_6q -
_, f.,q .
_.70 -
_7 _. .
_73 -
_76 -
_75 -
_77 -
_79 "
Pg_,Oe_
797
3O0
3mi
30_
.... G(I_)m,_*_TB_ ............................
__ S(l@).,.l.O*G(m)+._O*LG(7)t(}{&|| ---
G(_)eo_.G(a)$G(9)e.2
ItOl*_(t_ +G(l_)G(I_),G(1)+Gt)),G(S)+G(7)+G(A)@_ n )
GtlTI.Gtp)+G(_).G(_)+G(9),SII1)+G(_3)+G(t5) ............
G(_)m.P_*G(I&)
G(_n)m,=_*G(i7) ..-
G()I)'G(17)+G(II) ..........................................
I:(J,ED,l) WlUSllK)mG(i K)
..... fr(J,E;,_)._TAN$(..L__)'_.(_ K)
_0 C_NTfNU#
• C_ END
• ten _ StJ_=RUTfNE STRUCT (VB.WSCT,WTHETA,WNZ_WB,SAfL,SRUD=PV
,Cnm t,R1,R2,=L_G_7,G_G_,G3_GA,GT,GB,Gg_GIO,QIt*GJ2*G15_16
,_e_ _G_,O_)
.C_ _ IMPLICIT RFAI (A.Z) -- -
,Otn C_MM_NI,4_I_/ P_B.P,ePB'BRT.BCANT*BC_NT.OCANYY
.OOrl I*_CAKTP;K'gr_'G_,NBE_GB,THB_L,TWOSL, THBV'TSV_FLBWR -
.CO_ _,TF,RTW,FIXHWD
,O_n ...... 3sT_S, TRPPV, IS_OBR_ISP_BV, 5_D*_TH .... ....
,CC_ _,_,DVEO_R_TNf*RTAGV, DVCeN,DVCNST
• OOe _rL,TNaTC.TuBSLT_TH_TC*IRPS.ISPB_P_PST
3_7,COm
311,C_m
31#,tO_
31_,CC_
317.C_
31_,tt_
31q,Oon
3_.CCh
32_.Oee
3=&_Cte
3;7,0_m
&,ppnPgt,_RRP_p,r_(p),DVB_C,DVB_DVTBTE,WBKCD_B|NWT_BLANWT
7,_fNJWT._LB_!T,gGLgW,GLBW,T_T_L_S_P_M_TCW,TLSSR,FPRP
_,qN_LO,_LLPLm,BI.gWLS,QMSI_P,MNSDVT_BM_DVP_OMR
Q,L_GP/TQt_Q,Tm_=/S_N_GR_W_MtNGLW
CqM_'QN/qTR_/
I A_f,_TV,LTV,_Q_LO,Lf,NX,_Z,FS
_EAL,TNfN_HnL,RNOq,TAUS
..... 5,rE,t.FS.DELm,EAB,_gB, TAUB
9,DF_C,ET,RH_TP,_HOPB
K_KA
C ........ _9_c_:T cALcutATfON_ BUE._I__tNTERSTAGE R£ACTIONS
S'_API,(P_#_L.WT*NX,_R)+(flLPWT_NZ#(LIoLB)IFS)
_+(F_*TOV,N_F_GB*SI_(AOI/RT,PqSR)_(LI÷LTV))
S,_AQ_.(F_*TgV_NnENG_*COS(AgI/_7,_95AIwNTV) ................
I-(TaV*_),_FNG,iRI_:(ARI/R7,_e_)iLTV*RS)
3_,Otq ..... 2-(8LSWT*hjx*_q*r£)÷(OLeWT*t_('LS"[S) ........
3PgoCee
3qt,C_n
331,3en
3q2,C_
3qq.ccn
3_,CCm
R_=_HA_I/Lf
Rlmq_AWPlLf
RL,TgV*K'_ENG_*Fq*CRSIABIIS7'Pg58),BL8WT'NXIFS ...........
S_F_ CALCt_LATfeNS .......
SLT_Pm_I-_L_'_T*NZ*rS ......
Mg_;T CALCUI _TfBN_
M_IT[ "RI*X .............
MLT_mRI*(LmT=L_)*_ISWT*NX'N_*FS
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5_,3 -
5_.6 -
5_7 •
5_") .
551 •
55_ •
S_3 ,.
=,,55 •
556 •
_57 •
c;_A •
55") •
=,_1 •
_(,3 -
5At, -
5&5 -
SA7 •
_AR -
5:;63 .
570 -
571 •
57;? •
573 -
57_ -
_7_3 -
=;7& -
577 .,
_7_ -
579 -
5AI_ -
5_,1 -
5_3 -
5A'-I -
5_6 ,,
5;q7 -
5_9 -
591 -
59:_ •
5q3 -
=;q5 -
F;q7 -
'_9g -
5g_ -
a?_O -
A(_I •
3q_
3qm
&_7,C_
_I_,_
•_Om C CMVrR FRAM_ _AL_ULAT?ON
C
C
C
C
C_Vr_ LqNSrR_4 C*LCULATIR_
GP7-_IO.*AY*_4BI_*2.*I._8*I.q
T_RLI_T qT_UCTU_W CKLCULATTPN_ .....................
T_U_T _ST .......................
LFa(LTVII2÷HTVII_)**,5
T_L)RT GfM_Al PLANF BULKhEaD ._
GqO.R_p.((X_ViNOFNG_ISIhI_R?/ST,_q_AI/(2,_FkpB )
G3_.G29*G305R_l
G_,K6
G_5-G_5*S_A÷GP7*G3_*G3_ ......................
G_6=G35*G3_
GWT.G9_3P_$O_A
_FTIJ_N -
_4D
SUB;_UTT_E 7w{RMBIWSG_WE_G*?_G*TBTTP_,TWGWT,_SWT,WGL£WT,TWT,TLEWT-
I'_L_TPS,PASE'4T,fBTWT,PTPSCN,TTW[/BTP_WT,MCSWT,LDTWT .......
_,m=_WT$DPPC,mwvC$SCWT)
IMml ?CIT _rAl (A.Z}
W_,C_ &,PPqP_I,PRe_,r_(p)_DvoNc_DV%DVTOTC, WBSCD,_INWT_BLANWT
_I,0_ .... 7,_T_jjWT.RL_W?,_qLB_,GI_OW.T_T_L_S_m_MATCN_TLSSR_FpRp .....
4_;?,COn R*_LO,_LLPL_,_I.OWLg,gMSIgg,RMSDVT_MSDVP, OHR
_7o0_
_7._e_
W_W.C_
w_.Cee
_q.5_
...... 9_Lfl4G_,T_W_=TgW_,SrNS,G_R_MTNGLW
C_H_N/T_E_9/NCTPS,_CA,FWDTp_,FWDA,CTTPS,CTA,CSTPS .......
.... _C_A,C_TPS_C_A_ATTPS,ATA,AqTP_A/ABTPs,A_A_BASTPS,
_,gAe_+Tm_CS4.WGTPS.WGPLE,++LPTPS,TLT_,TLPLE
3_TL_TPS._C_T_S,4CS_.WACgN,T_pSN_I_A_T_TP_IBC_LOA
_LDTPS_mP_A,P_TPS°PRBC_PPC,HYC_SCA_CTPS_SWT,SWC_W_!
C _/_ CgR_rCTI_K
....... wqC=_LA,cWT/(RWT_SW_) .....................................
DU_T.(WqC/WSf)..._5
C 8'ID¥ TPq WF_GHT
NC_T.NCTPS*N_A*_UW'T
FW_'_TaF"r_TP_*FW_Ai_UWT .....................................
CTNTmETTPSICTAt_UWT
CS_TmCSTPS_C_At_U_T
Cq_TaCBTPS-CnA,_UW?
CT_TAaCTA÷ES_$C_A
CT_Tb!TarTWT+_SWv$C_wT
AT_4TmATTpSI_TA._UWT
ASWTmASTDS*aqA*_UWT
AaWT=A_TPS*A_A*_UWT. -
_T_T_=ATA÷Aq&_A_A
AT_TIvTmaTWT$_WTSA_WT ...............................
BL_TPSa_T+_'_DWT+_TRTWT$_T_TWT
3.0-16
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORT MDC E0746
VOLUME I
28 FEBRUARY 1973
TABLE 3.0-3
DETAIL LISTING (Continued)
603 -
6n_ o
At! -
AIo, -
A15 -
AI*, •
617 ,,
6;:{1 •
6P3 •
6_5 -
APA, •
6;_7 •
#,;m_, .
APg -
k_'J -
/,3? -
kq3 -
A3q -
A_,P_ -
6_3 *
6_5 •
_',7 -
(,51 ,,
A=i_ .
655 •
AFY1 -
#,_8 -
A59 -
_,60 •
_#'I •
kAY_ -
_7A,COn
_77,C_.___
_7R,Cf)_
kA_,C_
___WING TP_ wFfGWT
WGWAsWEqGiWA_N
_ _ WGLFA,W3WAeW_PLr ..................
W_T_AmwGWA.w_L_A
W_T,WGTmSA*W_TPS_UW? ..........
W_L_WT,',_GL_A_WLcTP_BUWT
T,.!G_'TmW_WT+I_LEWT
T_fL TPg WrIRNT
_ TWAmTSGiTAC_N .......................
TLFAmTWA_TLPl _
__ TTP_,T'VA-TLr_ ..............................
.TLFUlT'TLFA*T|.ETPSeD_WT
TTWT_TWT÷TI CWT
H_SWT=Hr_TPS,_C_A,_UW? ............................
PRflWTmP_A_P_RTPS+PR_C ...............................
SCWTmSCAISCTDS
__.T_TTPS._TP_WT_TWGWT+_TWT_._'LC_,W-T.
I+L_TWT+_'_eWT+PP_+HYC+SCWT
pTPqENm_pscg_ ............................
Pp_rmPPr
P_YC._YC ..........................
R_TI)RN
_EN3
SLJB_UT?_E A¢Cr_T(?AP_eP,r_!_PAC_r_emTVC*CeNTRmP_PU_L
_ . _ I_YS.FA_m_F_*CH?L.PRFV&L*FEE_SmDfSC*MISC)
_;'AI MI¢CmHT¢C_,JAC*_9_NG_ -
__ EgM,_N/,AIN/ P;_PB.Pm_P_.BnT.BCANT, RCANT,OC_NTY ....
I,_C4_TPoN_N_NeE_G_,TNB_L,Y_SLmTH_V,TBVmFL_R
_Q ........ p#T_rTW,F|X_D_ .....................
CP_ 3_f_mmS, fqP_V,f SD_B_,f_m_V_qCD*_TWag7
gRq o_m
aq_ C_
qql C_m
_o_ CC_
_g3,CC_
5Ct. CQ_
SC_.CCm
5C_.CC_
510,0_
5_I,0_n
_q_VC96p,fk!£,STAGV_DVCgN.#VCNST .......
5,PR[ ,TN_TC,T_I T*TH_TCm fqPq, _SPR_P_T
A_##qp_,#eg#_#_cW(#},DVS_:C#3V_3VTgTC,WgRCD,SfNWTmeLANWT
7mgfNJWT,_Lg,¢T,93LSW.GLgW,T"T_L,R_P*MATCW,TLSSR* RpR#
..... _agw.I_D,_LLPLq,QLSWI_Q,n_4SI£P,_'4SDVT_PMSD VPaDHR
gmL_NG_TPWQ,T_WnmSFN_G_,'mMf_GLW
C_'4,4mN/IRP_/mO_qmSPY,NHEA_,9_EAD_4ULLmB_LL#FTU_RHB ..
I,_ATL_rI. EN,mCLrN._FLEN_FLrN,CPLG!
.... Er_!3k9"t,0 - --
8Ar_J_SGq_6,
.... E£Ln-l,_ .................................
_mUTL't_,
BCA_,77_,
_TATNmlp*
GFSmq,
SOPTF'P_,
_____HDffqR'5_m .....
MTS£F'I_.
C_LCULATr M.IVN _'NOfNr WT,
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v
AA3 -
AA_ - 51A,C_R
&A_ " 51m.CC_
_70 • 5_1.0t_
A75 • 5_A,Cnn
A76 - 5P7,0n_
_77 - 5PR,CR_
AT_ • 5PW,Ct_
&_9 - 5aO,OOe
&qO - h_1,C_e
Ag5 - 5_A,O0_
Ag& - 5_7.Oen
&q9 - 5_.COq
7_0 • 551,Oen
7oi • _h_,Ot_
7R2 - 5q_.C_
703 " 5q_.O_
70_ " 5_A,CO_
703 -
710 -
71[ •
7_ •
7_3 •
71_ -
71_ -
717 - 5_A.C_e
71_ - 5Aq._em
719 - 57COC_
7PO o 571.CC_
7Pt - _7P.CO_
51_,00_ ..... E_:Gu,ECqT*T_V'*rSLP _
c
C
c
c
C
-¢
C
C
ENG-N@E_G@*r4GU
CALCULATE_TV_ WT.
TVC.Tvc_I,Np_klG_
CALCULAT_ TG_ITt_N AND _NT_L WT_ .............
EgNT#=BTT,e&7,_JSE_GR_POG_N_NGSeSgm_& ..............
CALrULATV PW_DVI LANT UTILfZ_TtON SY_ _Tm
F_I_TL -_PUTL
_Ai FULATE _tLL AND DRAIN WT.
F_OmCFA_ ................
CALCuLAt_ P_£_II_ZAT_N _Y_ WTm
P_FqsNP_FS*{tTSV_N_FNGO)/t_¢TWSTOBENGN_))e*m_ ......
cALrUL_TE C_LIDO_N DUMP _Y_ WT.
CALKtJLAzF _ECIW_ SY£ WT,
R;CIR'B';FCIR,((T_V*'JBENOBI/IBETHST*B_NGNfl))_*,B_SPI.
I_(qPI.ST.O.) C_IL,O.
CALCL)LA_ Pmr V_LVr wT.
8p#V,_SrNG_*tVALVF,P_Gg"BPP3R}
H_DV.NOrNGmIV_LVE
CALCULAT_ rXT T_NK 91SCON_T WT.
DTA_aHDTAO_((TQV,NQENG_)/(_rTHST_BENG_Q))_e,R
DIA_'(._2q'mIA_**P.)**,_
I_(_PZ._.O,_ DfAD_,DfAD
NPDV=I,_R2,_fA_**I.7R
CALCULAT_ _Fr_ _UCT wT,
T_4tn_PRr_*_IAg/rTU
I_('_TL,_fa,_I TNDMa,RO3eDTA_+*O[O
Ir {T_.GT.T_4D) T_D•T_DM ...........
T_DM,,_*DtA_$,00_ ..............
5=g,Ote .......... Ir(v_TL.r_.#) T_DM•,eO3*Df_D_÷,OtO
5_.O_ T_tT_U_.GT.T_D) TO_,TDDM
5A_,O_ T_a_4_R_q*_f_T_/FTU ..................
bA_,C_ T_Fsn_R_£*_I_fN/FTH
Ir(_,TL.rG.P% TEM,.O_3*Df_IN_,OI0 ___
_(TUE.I T.TTH) T_4_ aTOM
H_U_T'_CLEN'_,I_6,gIAD'T_iRNB
J_C._CLr_*lS.l_l_._*(2.*_t_D)*3,ti_,Oi2 ......
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7_, •
7P5 -
7P,s •
....... 727 •
7Pg •
7 ":1C) -
731 "
....... 733 ',_
73_, •
735 -
734 •
737 •
73,_ •
7,'39 -
7_0 ',,
7_,! •
7_P •
7_3 •
......... 7,g5 - .
7_7 •
7_ •
7_9 "
7%¢3 -
__ . 75', •
7 r_ ?__ -
763 -
755 -
7_ •
_ .. 757 "
7,59 •
760 •
7_1 ,,
7A:' •
765 -
7_6 •
7f_7 ,,
7_,8 •
7_q •
77_ ',
771 "
779 -
773 •
77_ •
. . 77,5 ,,
776 •
777 •
77 "1 •
........... 7_1 "
7R__ •
7A3 -
7Ag •
57_,ORm ______H3UcT=H3uC_÷.JAC .....
57q,O_m 09UCT'SCLENI_,I_IG*_f_De*?_*_HB*(I, ÷_PI)
5_,O_n .... R+grLrN*_RENGm*3,1_I6*DIAI_*T_[*RNO
5Rq. C_ I_(£PLQT,EG,I,) Y=.IPA
5_A,C_ ._ &÷_gF_(iB,tY*_IAY'J÷Z*(,PBG÷_W_I*DIAI NI_*) ...........
5RR,C_h _ _÷(Y-DIA_+_*t.I÷RNDI'DIAD/_,) ...........
5Rg,C_h X=(Y*DIITN+Z°(,_86+RHg)*DI£YN/_o}*NB¢NGB
_3C,C_ ..... I;(R_,3T*,P_) _C_UPLmHCBUPL-X ......
59_,0_ .... _+_KBO'(Y*_TAIN+Z*(*_86÷R_)*DI AINI_m) ................
Bq_,C_m g÷NB_N_O°(Y*_I_J+Z*_wB_DTAI _)
5_W.CCn . &*(I.÷SP_}*tY,DTt_O+Z,(.t*R_m)*DI_D9/_.) ............
5qS*COn X=(Y_DI&yN÷Z°(._6÷R_B)*_I_IN/_') eNB_NGB
5g&,O_ ..... IF(Rk_O,ST,._)._CBUPL_BUPL-X
5q7,C_ X,T_T(Hf.E_ImO0.)
6_,C_m N_UPT'*_I_UPT_*(WCSUPL*_V÷_ DV÷HDUCT+HBELB_I
6CW,C_ _ 1-- B_UPT,,F)I,_UPTF*(gCBLJPL+_p°V+BgDV+ODUCT÷BBELBS) .......
6_A,O_ ...... _Ra_l)gq_ ...........
6_7,0C_ _FD,_CqlJPL÷mDU_T÷_B_LBS+RRUPY+eD_
6C_,CC_ ___H_F_.wCqUPL÷_DUCT+HBrLOS+k_S_PT+HDR-
&Cq,O_ C C_L£ULAt_ MIRC WT,
61_,CeO .... HTSC,,OI*HTSKF_(TV£+CSNTR*P_PUTL ÷FAD ............
611,C_m R÷PRrg+C_YL'_rCT_+OPPV*M2PV+NPOV÷_?DV
ki_._O_ C S;JH _RY WT,
61_*C_ ..... #T_TzM|qC/{t_IiHI S_Fj*_SE÷EN_---
6_A,C_h C HAI_ _S_NT _UTPUT
617,C_m __ ENGmAC=rNG+TvC÷CONT_÷PRPU_L .............
_IA,C_ P_FV_LaQpPV÷wPPV
_I,C_ .... P_qYS'_AD+P_ES ÷cHYL+PRE.VkL_EEDS+DIR¢÷_ISc
6Pp. C_ ?Am_)Wm_GP_r*PReSYS
&_,C_Q RETURN
6_5,C_ - SUB_RUTT_E LtDSyS(IN_DK_NGi+NG2_NG3_N3E&R_HG_MG_MG_
6P6,0Rn t_HG=_R_tX_,AX_tX3+AXGEAR,LNRDKK}
6P7,C_ .... IHPLICI? R_AI {_.Z) .......................
_;R.C_m CeHmnN/p+AIN/ PRnPB.PROPQ,Bmy. BCANT+BC£NT+BCANTY
&;q. ChQ . I_C_KTP._gr_B,NSE_GB_TN_L,TWgSL_TWRV_TBV_FLgWR ....
_RsT_C_._TAbV_
&33,C____REL,TH_TC,TWBSLT_TNQTCJI_P_,ISPB_PRRm_T ................
6_.C_ &_PRQ_91. pR_p_,PWt_j,DVONC_VB_DVTgTC+WORCD'_INWT_LANW_
&3_,C_m 7_T_JWT*_L_WT_ fl_LOWmGLOw,I_T_L_S_p_MATCN_TLSRR_PRp
A_A,C_ _Q _q[ D_QllLpLQ_QI-gWI 9"gHSf_m+QMSDVT_PH_DVP_OMR
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7R=, •
7RA •
7P,7 •
7a8 .,
7A9 •
790 •
7ql •
79;? •
793 •
79c, •
795 -
79_, •
797 •
798 •
793 ,,
R_3 •
g_l. •
R¢12 -
A_3 -
R(3_, •
A(35 •
g_#, •
A07 •
_9 •
At;?. •
A13 •
AI_, •
_11#, •
llI_ •
_119 -
/1170 .,
Jl;_t •
AP_ •
A;:>3 •
APt •
_;_7 ,,
g_9 •
_3t •
AS;?. -
A33 =
_ .':J5 •
g_J7 •
A_3 •
R_.I •
P._,3 -
.al_% •
6_7,0_n-
..... C_H_N/I__GO/ LG_TU,LGVSL,LGLC,L_L$*LGD_,BRCF ........
Paf=_,
THFT_aT_FT_e_mI_SqI_RO.
NJHNT=_.
NUMeral.
6&q.C_n LI=LGLC
6_.C_n L_=,p*L3LC ................................
6_I,C_n L_,,_L3LS
_.Cnn L_=._*L3LE ...........................
_5_.Onn ..... LTaI. A+LI/T_NITNrTAI.L_ ..........................
_gT,0O_ D=9,
6_q,CO_ SPmMG_
AAq,e_ .... T_TT • SPIIO_AAT/_I
&AI,0_ TWNa_P/(p6AoAAAA67e_,|
6A_.C_n ........ _XLrq • T_Hi.gg_26 ...............................
6AA,O_ ......... Vm • '6 * V_
_A7,Cnn VC • (I./LT)*-IV_*Ii5+LBI.VT*ILS.L_)}
6Aq,O_n V4 • (I.ILI)*(LGLS*D_.(IV_*VC)_(L1/_.))) - -
_7C,0_ V_ • VR*vC*v_
671 .C_ HAA•.Sil II{V_V_)wl _tDR
_TR,C_ _RACF • ,I_Wc
67A,_nn B • _'*qC'm,-£f_tP_t) ........................
&Tq,C_m _fOr • {V_*r_tP_TI+£C'Sf_IPHIII*Ce_CB_TAI*LA
6_I,C_ D1 • (7_9..(=_..MSt_rI/ILGrTLj.(2..RC=q. ISINIPH_)))-)_(1./3ol
6I_IC_ D_ • _o*MF_q4*T/t4.*LGRTUIRC*RC)
A_A,eOn .... DlP• (7_9,.I_4,•_I_EP)/IL3FTU*(2,.RC=g,ISIN(PHI)))}_*(t_/3t}
&=q,Oen MP • D_-tLGLm-L_LC)
&9O,O_ .... kP • %,_*(MPtL_FTLJ),i(_,/3_ )
Aqi ,0_ WP • I*_'AP*I GLCi,PSq
6qm,C_ TwSmC • WA_+WrA_WC+_RACE ..........
_q_,CCn WT • TWq£C + I.'P+_RK_,T_TWTT$kXLE_+ATF÷TWH .....
_gq,C_ H_T H • ,_P_*(:_T*_,_5)
_gA,O_ ....... WT • WT + _C_NT'_
697,0_n T_rTt2 • T_A*IBO,/_,I_I_9
_'}q,C_n Sm_J • NG_/NUHNT
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• _7_q,cc_ ----
• 7_,C_
• 7PPo
• 7P3o
• 72_*
• 7_7,
• 7;q,
7C1.00_ ..... T_NT.. = wNT*NtI_N? ................
Onn
C_,_ ......
C_h
C_r_
_+ ATFM • .E6*TWSSCt*_*I ................................
WTNG • TWNT+WNN+_XI N+STN$_TrN
_TNG • _TNG÷NC_NTN
WAA • _A • _,_ .......................
B_A_P • _ACP • t,P5
ATF • ATF•I*_ ...............
E;KWT • PeKW_ i _t_5
W_N • W_N•._ ..................................
AXLN • AXLN•._O
ST_ • STN*._ ....................
ATFN • _TFN*.R0
NC_T N • NCgNTN•*8_
WT_3 • TWNT+WNN+AXLN+_TN+&TRNeNC_NTN
N31•T_NT+_NN _..........
t
m
t
m
t
t
II__
u
7_C.0_ NGP•RTN+AXLN+AT_N
7_1.C_R ..... N33•NCO%TN ..................................
7_,0_ N3_A_•NGI_NG_+N33
73_,0_n ...... _31•(TW_+T_.ITT+B_RWT}_2.
7_.C_ _p=(TWq_C+_XLFq+ATF+WP)eP,
717,00_ ....... AX1=l,5-{_,a_*(.OOT_i(tO7_R/(_*I32._)e(t*b&78eLGVSL j=i2)ie=57
71_.C_ &,tLGmIA,LGDTA+2.*LGDt_)+J_.||
7_q,c_q ....... AX_=AX_ ...............
7+C,C_ AX3=AX3
7_I,_R + AXGF_Q•&XI+AXP+kX3
7_3.0_ . RFTUR N -- +
7_,Cnn E_
7_q,C_ .......... StJ_UTfNE 9t}TPtJT
7_AtO_m ['IPI_TC_T _#AI {A-Z)
7_7,C_
7_ItC3R +.
7A#,CO_
COH_Nt_&IN/ PR_PB,PR_PO,BFT,BCANTjBC&NT,_C&NTY
_CA_TP,NOrN_N_E_3R,THB_L.TN_L_T_RV,TBV,FL_WR
_f_P_S,f_P_V.T_OR_T_PBBV,q£D_BTW
____,H_VCO:_R_TNr_STAGV*DVC_N,DV_NST .....
N_FL+T_TC.T_FNLT_T_RTC_T_Q.ISPB_R_P_T
7_;.C_
7_.C_
A,PR_P_.PRQP_P+CW(p|.DV_E,DVB_DVTQTC+WQSCD=BtNWT=fl'L&NWT
7,nf_JWT.RLQWT+_qL_'_GLOW,T_TAL_S*P_H&TCN_TLSSq* _PRp
_,gN_LP, qLLPLg+_I _Wl 9.qP_STgP._MSDVT_PMSDVP*fM_
g,LQ_GP, TFw_T_Wq_S_£_GR_w
COM4_N/_R_Q/B_QWT_2DRYWT,gGLRW_L_M_P_B! - --
t,_Aq£_H.WCA$_WJQ_NT.WNSZZ;4TTEQ,W|NqT_WtGN_BSRHC
_,SRMTSS.PW_.PWASL_Pt_AS_PWNF+PwTK;PWAV_WNCTPS*SRH_C
+_ _
._+
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q07 -
q_9 -
g10 ',_+
ej ,I 't ,
gl;? -
gi_, •
gi5 -
gIA -
9'17 •
eJiP, •
919 -
g?3 -
g;}l •
gP3 •
9p_ •
cJP5 •
9P_, -
9;P7 -
q_8 -
q_9 •
9.ql -
g_P •
g ._ ":1 .
9._5 -
g3A -
9_7 •
q3_ •
q3g •
q_,l °
9_ -
ClL,_ •
9_,7 -
9_R -
9_9 •
g .'.'3t -
,:j_ ;? .
g.g} .
g_ .
9_6 -
eJ57 .
9S9 -
q63 -
q6"_ -
qA_ •
g#,6 -
qA_ -
gF,7 -
7Ai,O_ _#UNCrHT._XPI_S,_SI.UN,SRHL,_RMD
7_,COn _. S_mORBSS,pBB_wTmPPR_,PB_PDRYWT,PBBSLU ........
7_,00____ C_M_nN/_RB_/RI_R2_RL,_TAUX_ACS*ACSFN_LACSSYS_I -ik_L ....
7AW.OR_ _£U_C_PW_,_I_FK_YDR_AVI_K_,ECLSB_PPRSV_BUNCWT
7_.,i_n R_RR_IS,TA_PRg,_URFK
7A_,%_ I_P_N,_R_qm,5_ESV_PL_ADU_PLOADD,AC_PRO_WOPRDP_SUDLE
7A_,_ p, FIX_RB,FIXW_,_YWT;ePIFL
7A_.P_n .... I,.,'WT.W$_,_q,_,:,'T_Rr,wT_RHC,LE_WTE,wAIL#WAS_WADR_wA_ .___
7A_.2Rn _.im. SP_nV.F_'I_SK_TATL_T_G_TBSTR,TTB_B_TLE_WRUD_WRS
7A_,3Am I_G_7,_I,G2,G_,S_GT,G_G_,GI_GII_GIhGIR*GI&
7_.lqn .... I,T_TTPSoTWSWT,WGWT,V?GLEWT,TWT*TLEWT,BLBTPS ....
7A_,SPn 2, BAqFWT.fBTWT_PTPSEN+TTWT.BTPSWT,HESWT,LDTWT
7A_,56_ ...... 3_PD_WT_PPP_PWYC_SEWT .........
7_,6_ I_TA_P,E_G_C*rNG,TVC_CPNT_,PRPUTL*PRBS YS
7A_,6_m .... hFA_,P_v_C"fL,DREV_L*_E_DS_ISC_MIS_ ---
7kW,6_m I_LN_DK,_.G1,NGP+_:53.NGVAR,_IBI._GP_HG2.'4G_AR_XI_AX_ ....
7_W.7_ ...... P_AXq,_XsFA_L4!_ KK .........
7_n._nn CQ'_"nNI_XTQ/q_SRP.TQTPS*FWOTK_A_T._BLF*FCCTPS
7_1._en ....... %_CPX_ET.TP_I_,CYLSCT.ACY_M_AFTBLF_WINT_PRQSY_ IFTNK --
7_P.C_ _Fv_Ys. Fw_I A_ORSVNT*AFTCVL.SUHP;AFT_LA_PNPU_TW|NT
7_,C_n .... 3_Qq_A_,AVT_T*_JtI_P_ _W_ET_9,TIJ_NEL_MISCT_BAFF_SU_DR Y
7RS,C_O ..... 5_3m_SW,TLA_9_RAP,_XTL,_XT_BLKHD_XTN_EXT'_HaSIMPTK .....
7_7,0e_ _*_VFPR_T_TI Sq_Vg_R_DVALT
7RR,COn W_IT;(lq_PC_3)
7_q.OOm _'_ITr(I_IO) WSG_WWT
7a_._h WRIT_(I_R_PO_O) WB_TW,WT_r,WTBRBC_I _,WTE,GPRSV_G_RBV
791,0_fl ..... I*'*'I_?I__WAR*WA_,+QAW.'_A_PWfk_GK ..........................
7+_._nn i+mtT;{1+_m,+O;?) TSG, T_IL
7m_,C_ W_TTF(I_O_) TBqT_TTR_Q_.TLE;WRU_,WRSaWRD_RH
7gW,O_n I*!.rRP+PTIILK
7_,Ohn w_tTr{lrR_OKO) G37 +
717,C_n ........ _RTT;{+nR+;CTG) G1,GIt,G_=;_IO, GP7;GIP,GR6_G15_GP#G3 ......
8_.OCm W_IT;II:TR_CRO} TOTTPS
_1,Ohn WRTTrCI?_POqO) TWGWT,W_WT,WGLEWT,TTWT_TWT_TLEWT_BTPSWT
ROP.C_n _LnT_S._A_FWT_BTWT+PTPR_N,MCSWT,LDTWT*PRQWT_PPPC_PHYC
8CA
_07
,Oc_
,CC_
RCRoOC_
RII,CC)_
_A.CCn
817,CC_
gIR,C_
W_TT_(_,_,P11_} NG_AR,NG_._hNG3,M_F_R+MGI+MG_+MG3
I_AX_A_.AXI;AXP,AXq_LkiDDKK
W_TTF(%_R_PI_O) TAPRRP
WRIT_(I?_I_) ENSP_C_ENG_TVC_CBNTP.PRPUTL_PRBSYS_AD
WRTTF(E_R#;I_O) WT_X --I
!_;TT_(_'_#_A')I WT_C_AC_r_3,ACSSYS,WTACTK, ACSHBD_WTBMS
WQTT_{_,]R,P_70} PP._R
++ttrttnm,.++) £vt+m+
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9_,g -
+70 ,,
gTi -
97P •
g73 -
q74 ,,
975
97g -
977 ,, .
978 e
q79 •
9_.t •
9AP •
. 9_3 "
q.q_ •
9RS •
9_7 ,,
g_,R •
gA3 ,,.
993 •
Ogt -
9q2 •
9q3 •
gq_. •
qg5 -
9g4 -
g97 -
qgg -
g99 -
1C_O0 -
I_C_I -
_.(3{3W ,,
! C_(35 •
I(3_6 -
1P._R -
4.0 (3q •
1(_11 -
I_IP •
101"_ -
1(31,* -
1_,_ -
1_16 •
1017 -
1(318 •
. 101 _) •
I021 -
I072 ..
I0_5 •
iC;}r_ ..
iC;7 -
gtq.oon WRITr(i(3Ra_P¢O} £CIS_
8P_.OOn .... WRITc(lhRaP_aO) PPRSV ......................
8_,C(3n .... WRITF(I_O) 8DRYWT_PFPSg_RESD_PLB_DU_BINWT_R_SV
gP_,O_m ¶,_RICL_iCSPq_W_PR_P,OTRIP;QL_BWTiPLBADD_BLANWT,PLO_DUI_INJWT
8_A,COn _hCO FgR'_AT(_I_,_X,_BRBITFR W;i_WT SU_M_YI)
8=7,?0h _(310 FpR_AT(//_X,'WING GR_UP(A_¢Aat_FfieO, I}II23Xi
R_I,Ch_ P/,gX_ ITQ_IIE _QX CARRVI_3XIPq_OI
81P.C_n 3/,9X,'L_AOI_G _GEI_?X_Fq.O, .......
8_,C_ .... B/_6X, lSrc_x'Ot;Y STRUCTUR£f_IX_F9_(_
R_.CO_ 7/,&X. 'C_)NTR_I SLJRF_Cri_RX_Fq,Oi ...............
R]_,CO_ gl.9X, iD_tVF =Ia'li(3X,F910_ ........................
8_CtCC_.____&/igXI tATTACNI_ I_XaF_iDi .....
_1.C_n _I,_X, iWI_G WrTGNT CBNSTANYI,¶3XIF_.O)
8g_.C_h 2(330 FgRHAT(IX, ITAIL ORSUP(ARFA.I,FS,OII)II_X_ ..........
_.C_ 5 i (l,Fg,_ I ) _ )
_,0_ ........ P/_9X, tLrAOf_S E_OE_TX_F9,_ .........
Rgq. O_n _/,gX, IDr_lVF =IBii1_X,FgiO,
_%P,C_ ....... l/_i_ ITAIL WrIGWT _ShJ_llNl.!lllXl_qlSl
l_.C_h _h60 rnR_Al(llX.lrwOilSXi ICTRi_IXIIAFTI) .............
g_.3_ l_70 F_R_ATI_X,i_ISIC ST_{JCTUR_I_
8_.0_ I/igX, lSf_E_'_lLSilloX_rgiOl?X_FgiollXiFglOi .............
l_7.C(3_ _I_RX, 'LakGrl_W_ii_Ix. Fgio_IX,_giOi
RHR.CC_ .... 31,9X, iF;A_'FSi,?_X_Cg.O_IX_Fq.O_ ....
8a_,C_ S/,9X,'C_F'W C=T, PR_V,il4X,rq. Oi ............
_I,CC_ 6/Igx, iWT_D_TEL _ P_Vofi_X_qlOi
IA_.O_(3 7/igXl'NnfE WI_L,WEL IR_VII_XIF_I_I .........
_Aq,CP_ _/IqXi
_71.CC_ 7/,6X,
P73.0_ 2_80 F_R_AT(II _,_X_ _tNOtlCFO ENVirON. P_ST, l_3Xl
87g,0_ I t( liFqi_, t } I l
/7S,C_ I_90 FSR_T(IxJIW?N_II2IXIFgIcI
87A,00_ ......... I/_9X, iSwRFACC PANEL_SI,SX,Fg.O, ..........
g77,00_ _/,QXoiLcADTN_ F_GEII7X_Fg,CI
87g.0_ 3/,_X,'TAYLit_OX,Fg.0,
gTq. C_q _/,gX.'SN_AC_ PANEI. SIIsX,r_,(31
PaYLQ_ RPACTT_i_I_X,_g,O_
_TNG 9_FA_ P_SVtlII_X_F9,OI
TAlL P_V. ti_IXiFg,_
SrJ_ TQTAI_Iil_XiFg|_,PXiF_tO_2XiFgeOI
Sr_D_A_Y STRUCTURFI_ .......
CARG_ _9_ M;CHmi_IIX,Fg,OI .................
MI_CFLIANPgUR _lSill_XtrgiOi_XiFqlOitXi_tlOi
l_lAl, lollXiFqi_2XiFq,(312XiFg,S)
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.#
1099•
1030 •
IO_t -
103P •
10_3 -
103a •
1039 •
1e_3 -
10_1 -
10_3 •
10_7 •
10_0 •
IC51 •
lOOP -
1C_3 •
tOmS •
1CSA -
1057 -
10_ •
10_9 •
10_0 •
10A_ -
JOA6 "
l_A7 =
l_k9 •
1_73 •
1071 •
107P •
1073 •
1075 -
I_77 •
I_7g •
1C_1 -
ICeS -
10_7 •
10A_ -
10_g -
RRI,O_ ....... A/_
_q,C_ 3/,
RRg,CP_ _/+
_g?.COn _400 F_A
_q_,_ _/,_X,
_gAoC_ 3/+qX_
÷
Fqg. OQ_ A/,gX,
90_oC_ 7/_qx+
9Q_,00_ ....... I/,9X.
90+,C0_ _/.gX,
9_A.C_n _20 Fg_
9_I,CP_
913.Cnm
91_.Oh_
91A,00_
9¶7,C0_
_/,gX.
S/,AX,
7/,9X.
q/,gX.
_/_gX,
_/,_X,
_X,_B_DY It_FtSI,_X,Pg.01
qX.l_qEo_X,F9+Om
RX. _|_TERNaL TPSI_TXmFgmO,
gX. _Y CklqT TP_ WTo_,PX._oO$ ...................
_X, IHt_ C+k_T, SU_r_CEI,+_X,F9,O$
6X,'L_D + D_CKI_Gt_igX,Fg,0_ ....................
&X. +P_PULRI_NIj_3X_F_,C_
_X, _p_fHr P_'_RI._X_Fg_O_"
AX+_V_qatJl /Cqt_3xJFg,_#
'SIJpFACr C_T_LS+,I7X.RqoO) .............
T(_X_OLA_!DING & DBCKI_'_+m2RX_I(I+Fq,O_I)I)
'R_LL GrARI_i_X,F9oG.
°ST_UCTtJ_I$iOX_R_IO.
IRmLL GrA_,lOX,F9oO,
_S_LJCTIIRF'_t_X+Cg_O+ ........................
'C_NTRgl S_.ilX,FmoO+
_At;XII. TI_Y SY_TrHSI,i6X_E_mQL._._____
'DFCEL_Ttg_ _Y_l$_X;_qoO$
eScPA_Y_ SYS+_SX,_9,Oo ...................
_HINDLT_G R HANTPII_X_PQ*OI
IMy_C_LI a_rOUq+,_OX,_g,O|
T(_X_+P_PLJLStg_ HAfPJ _RCEN_+_qX,_ltiF_,O+ilt)
T(_X,+r_GT_ES+ACFSS_IrSI_15X_Eg.L_____
'GY_&L SY_TEHI_6X_Fqe_,
'P_mFLI aNT UTILIZ_X_FglO_ ......
IP_PrLI AN? SYSTFHI_6X,FgoO$
ip_FSRIj_Z_T_kJe_SX_F_O_
_C_fLL _U_ _ LtNrS+_3_¢qoO_ ..........
tP:;F V_l VPRlsqX,_giO+
vFcFD cYSTC_._X,Fg,_, ........................
_DY_C_FC_S+,AXIFg,O_
919.C_n
9_.C_
9_7,C_n
9PA.C_
9_P,00_
g_q,C_n
9q_.C0_
g_A.OCh
917,0Dm
9_g.C_
_/+gX, °PIt_EPLI _N=OUql +6X#rg,h) _+.
P_+O F,+_'_TI+X+'P++PtJLST_N AI_ H_P£TWi_EiX+!II_Fg,0+I)I)
_150 F(+_AT(_xm_Pm_PLJLSt_N AUXTLI_RY_SX+ ......
P_O F_'4AT(&X+ P£PS gYST_Ml#_X,_qmO+ ...........
I/,gX. T,-_U_TrPR'_IoX,F9oO_
3/_9X+ TA_K_mI_X.F9*o*
_/_qX_ _hUl_Fl_lqX;Fg,O_
71_9X, P_, RYSTEH_7x_Fq,o,
......... R/_gX. TA_JKI_q_X.F9._.
_/,gX, _UL¢,,l_X_g. Oi-
_70
?_XO
_gO
_ P=IO
?=20
p=30
#_35
Fn_iT(_x_PRTH_ PnwrR+_3_X_o[o,FgoO. tltl ...............
FQ_"AT[_X_ o_Ir_F_CE CR%TH_l.qt+_gX, i ( t+rg,_, ! ) I)
Fn_AT(_X# IrMVIg9NMFKTAL Cm_TROLt_21X_ III_Fg,O_I)I)
F_AT(_X, PPc_q_N_L PROVISTP_S_SX, I(I_Fg_oalJI)__
F_RH*T(_X_I_C_LL_NFRUSI,3PX_III_Fg.0_I) 0 )
v
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A/_&X,
7/,6X_
_/_AX_
_/_X,
,C_n _I,wx,'LA_OtNQ WcIGNTt,gX,_(Io_9,0_)I_
,CC_ . _/_&X_( fNJF WT PAYmP.F6ae.'| t_
R_TURN
END
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3.1 Win S and Tail Torque Box Model - The wing of any aircraft consists
of a torque box which carries the primary bending, shear, and torsion loads,
and leading and trailing edges to form the proper airfoil contour. Each
individual aircraft has a variety of control-surface types and sizes, provisions
for engines, fuel systems,and landing gear,dependent on overall configuration,as
well as special features,such as wing folds, fairings, stores provisions, etc.
Of the total weight of the wing, between 45 and 75 percent consists of the
torque box.
An aerodynamic surface weight (AEROSURF) prediction method,based on the concept
of a basic wing plus increments for special design features,has been developed and
shows good correlation with existing wing and tail surfaces. The major element is
the torque box model which consists of:
(a) an airload model for load on exposed surfaces,and root bending moment,
based on the method outlined in RAE transonic data Memorandum 6403 (Reference E).
(b) the structural arrangement is a closed,two-spar multirib box subjected
to vertical shear and bending moments. A straight,constant-section ,body carry
through is also computed.
(c) cover skins are analyzed for bending load, spar webs for vertical shear
load,and ribs for flexure-induced crushing load or cover skin stiffness.
(d) the unit weight-to-load relationship for the cover skins and ribs is
developed from a beam column analysis of a single-face corrugated panel. A straight
line approximation of the calculated curves is used as suggested by Shanley,
Reference (D).
(e) the loading and section areas along the span are integrated into total
wing weight by analytical expressions. If significant geometry breaks exist, a
tabulated multistation analysis is employed.
(f) allo_ances are included for specific factors that are known but not
easily quantified. An overall torque box contingency factor of 25 percent is developed
from correlations to some 19 existing aircraft. These aircraft include a variety
of fighters, transports, and bombers assuring the model is valid for a wide range
of loading, geometry, and structural arrangements.
AEROSURF is a significant first generation effort at prediction of a wing
(or tail) weight with minimum turn around time and effort. It contains a realistic
representation for the significant elements of a traditional design cycle, and with
the correlation factors, gives accurate quantitative answers as well as correct
trends. It is recognized that the model is not truly representative of structural
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arrangements of typical low aspect ratio delta wings. Yet the correlation with
existing deltas and apparent agreement with preliminary analysis of Shuttle wings
suggests the overall weight is valid.
The following work develops the analytical relationships used in the derivation
of the model with a summary of the equations listed in Table 3-1.
TABLE 3-1
SUMMARY EQUATIONS
Exposed Surface
Bending
Shell Y1 = CB ktb Sex
Carrythrough
¥2 = 2 CB ktb Cf bf
Bending
Y
3
= PLex k_m k_c p / be x _2 Y4 = P k%cP Lex
3 FA0. Sh f _2 cos 7 6 FA0.8 hf
Shear
2 y = 2 CB0.Sh f bf
Intercept/ 75 p b= ex C5(.8hf(HM') + 6
Min gage CosO 2
Shear 77 =
tmi n .8 hf (itm')
p k%cp L b (24' + i)
ex ex
6TanlT A cos e (%' + i)
b (2 %'+ i) bf
ex
(_'+ i)
Ribs
Strength
b/2
y 8 = 2 Pftr hx C i 79 = 2 P
x_rT d -- r
JO X 1 x a. x
1
hf Cf
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CB hx N 67.5 M
+ mx or x
(.i0) (144) --F _2E C ai
a x
where N is the flexure induced crushing load on the rib.
mE
JOINTS
¥i0 = (YI + X3 + 75 + 77 + 78) .i0 711 = (72 + Y4 + 76 + Y9 ) .i0
STANDARD GAGE
712 = .14 Sex p ktb 713 = .14 Sct ktb
MODEL
714 = .i0 73 + .20 77 + 78 715 = .i0 74 + .20 79
RELIEF
WRE L = p
Wc NZ LI2 k" +
FA .8 hf
W NZ LI BCT . cos
p c 9 +
FA .8 hf
p Wc NZ L1
r
KICK RIB
W = .058 ( hfSLsin Ocosbexo )
Subtotal Y16 =
Non Optimum 718 = .25 716
Subtotal 720 =
Total Torque Box
.92
722 =
717 =
Y19 = "25 717
"(21 =
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a°
1
AR
b
C
CB
CS
E
f
F
F A
h
ktb
k_cp
kxm
L
M
m
N z
P
N
X
N
n
t
W
W
p
n
Symbols used in the equations
- rib spacing
- aspect ratio
- span
- chord length
- intercept of bending shell
- intercept of shear allow-
able curve
- modulus
- stress
- allowable stress
- artificial allowable stress
- depth
- % of chord torque box
- correction factor to airload
distribution
- integratiom factor for plan-
form and thickness taper
- surface load
- length
- moment
- thickness ratio
- normal load factor times
factor of safety
- load (ib)
- unlt axial loading (ib/in)
- unit normal loading
- equivalent or "smeared"
skin thickness
- skin thickness
- unit weight
- weight
- density
- fraction of span, exposed
semispan
- Area
n - c.p. location as fraction of
length
JSF - joints, splices, fasteners
- planform taper ratio
A - sweep angle
8 - sweep angle of structural axis
(normally 0.50 c)
- allowable shear stress
Superscripts
- reference to exposed surface
Subscripts
te - trailing edge
Re - leading edge
f - fuselage intersection
t - tip
o - centerline
ex - exposed surface
x - arbitrary station
r - rib
c - over
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3.1.1 Basic Analysis Model - The basic analysis model for the torque box
is a simple bending beam.
" 4
The weight of the beam is the sum of the section weight
i
W = _J pA dx
X
(pA dx )
X
O
Assuming both caps are equal,and applied stress is equal to allowable stress, the
cross sectional area of the beam at x is:
2
2 2M
A = Px = x = Ap x
X
f f h f h
The total beam weight can then be obtained by tabular setup and summation,
the multistation analysis method proposed by Kirkpatrick of Boeing in 1952
(Reference F). For surfaces with no discontinuities,the summations are per-
formed analytically since they are quickly solved and lend themselves to use in
parametric studies. The beam weight equation is:
letting A p_
_o _ 2
W = Ap x
h
=i PAp _3
3 f h
equal the total load (L),
dE
2
W = PL_
3f h
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The development of the weight equation for a wing follows the same steps as
that of the simple beam.
from the load model, calculate the shear and bending material at a section
determine the unit cap or web loading
from the structural model determine the allowable and calculate the section
o integrate the section areas over the span to obtain total weight
o add factors for unanalyzed material and correlate to existing vehicles
o develop expressions for a geometric break at the wing-fuselage attachment.
3.1.2 Airload Distribution -
Spanwise c.p. - The variation in spanwise location of the center of
pressure with planform taper ratio (%), sweepback angle (A), and aspect ratio
(AR), is derived from the method of RAE Transonic Data Memorandum 6403, Reference
(E),which is based on Multhopp's subsonic lifting surface theory. Planforms with
curved leading edges and arbitrary trailing edges can be estimated by data pre-
sented in Reference (E). Figure 3.1-1 presemts the spanwise c.p.(n) of surfaces
with straight leading and trailing edges as a function of X, h, and AR.
A single equation can be written for _ in terms of A _ and AR. The
re'
equation is generally accurate to within one percent. This empirical equation was
derived knowing the partial derivatives of the variables with-respect to
= 0.04 + AR (0.0049 + 0.000045 ( Age _
-0.05 (_ - 0.4) 2 + 0.41(1. + .000333 Ag e ) _-(§0 -30_Re )
Surface Load - The wing in conventional airplane mode flight must have
a lift equal to the aircraft weight times its load factor plus the balancing tail
load, normally a down load.
L = W N + LH
w g z -
The wing weight provides an inertia relief load,reducing the bending moments
on the wing. An inertia relief factor is introduced since the load distribution
and the wing weight distribution are not identical. Using the basic beam analysis
model with a uniform load distribution and a triangular bending material weight
distribution, an inertia relief integration factor of 1/2 is obtained for the wing
weight.
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FIGURE 3.1-1 SPANWISE LOADING (RAE NO. 6403)
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The wing load is therefore:
Lw = (Wg - i/2 Ww) N Z _ h H
Tail, gust, or ascent loads on the wing are input. If ascent loads
are critical, as may be the case for Shuttle, the surface load may be input
in one of three ways:
(i) the total wing load,as calculated outside the program,may be input in
place of (Wg Nz +- LH)"
(2) an equivalent pressure over the wing (A pSw) may be input in place
of (Wg N + .z LH)
(3) an equivalent load factor (Nz) may be generated outside the program and
used.
Body Lift - The method presented applies only to wings without fuselages,
nacelles or tip tanks. At low angles of attack,the effect of the fuselage or
nacelle is probably not critical. Thus, body lift is calculated directly from the
method outlined in Reference (F). The loading at the centerlina (_o) and at the
wing/fuselage attachment (_ f) is calculated as follows:
CCL = F_ _ + G ( ) + H ( )
caL
where
F--
F (_) = (3.395 - 5 _) _i __2 + (20 _ - 8.488) 2_i -
f-
G (7) = (AR TanA te) _-0.01484 (i - 6.666 _ + 7.316 _2)
b.
H (_) = (AR - 4) (i + 3.5 TanA te) .003 (I - 14.5_2 + 21_ 4) _i - ,
Note if AR < 4,H (_) = 0
The load carried on the body is calculated as the average loading times body span.
C.P. of Exposed Surface Lift - The body lift c.p. is calculated assuming
a straight line variation between lift at _o and Nf. Knowing the c.p. of the total
lift, the c.p. of the exposed surface lift
referencing
ex
to the exposed span.
(_ex) can be calculated. Solving and
_ex =[ L_ - Lf _f - Lex _ ]bf bLex ex
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The bending moment at the wing fuselage attachment is:
M = L _Lx bex ex
2 2
Load Distribution on Exposed Surface - The calculation of loading across
the exposed span by the method of Reference (E) does not lend itself to simple
equations. Sufficient accuracy for preliminary estimates is obtained by a uniform
distribution times a factor (k ) that produces the same root bending moment as
_cp
calculated above. The c.p. of the uniform distribution airload is:
= I(2X'+I)_un _ %'+ i
where X' is the planform taper ratio of the exposed surface - Ct/C f
The load distribution factor, k_c p is simply
k&c p = __ex
Tun
The bending moment across the exposed span is derived as follows:
Cf
C_
[ 2]The loading at x =AP Ct X + (Cf - Ct ) _____j
ex
where: &p =
L 2L
ex -- ex
S b Cf (i +X' )
ex ex
The moment along the span is:
M = k
x Zcp
A P Cf _' + i f - C t x
2 2 3 bex/2
= k 2 L ICf2_' 2 Cf 31_cp ex + (i-%') x
b Cf (i +%'$ 3 b
ex ex
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expressing the distance along the span as a fraction:
where
N ---- X
b
ex/2
= 0 at the tip
n = 1 at the wing fuselage attachment
1.0
ex ex 1 $_, 2 + (i -%') nM
k_cp 2 2 _ 1 + % '
0
The moment at the root is:
L b
ex ex
M=k_ T T 3 XT+
cp
Sweepback and Carrythrou_h - A swept surface is evaluated in the same
manner as a straight wing except,that structural span replaces aerodynamic span
in the calculation of bending moment and the integration is performed along the
structural span. Unless known, use the 0.50 chord l_ne(@) as the structural
axis. The structural span is bex/2 Cos @ .
The carrythrough is assumed to be a straight, constant-thickness section
through the body. The vertical shear is reacted at the wing fuselage attachment,
thus, the carrythrough bending moment is constant and is based on aerodynamic span•
3.1.3 Section Bendin$ Loads
Surface Thickness - The thickness along a span with a straight taper is:
where:
h hf [m ' b x]
= ex + (i - m')
x b 2
ex/2
m' = ht/h f
hf = hr--b Imb + (i - m) bf1
Effective Thickness - The analysis model assumes all bending loads are
carried in the cover skins. The wing structure is considered a two flange beam
with the centroids of the flanges separated by the distance, h
e
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( I I h ,' ,' he
•,r' ,r .( ./" _ ,"
_" O ----
-: C _1
REPRESENTATION OF WING BY EQUIVALENT TWO FLANGE BEAM
The ratio between the effective depth (he) and the maximum depth (h) is k .e
Shanley has investigated the effective depth factor variation with length and
location of the box,and the thickness of the flange material for several airfoils
(Reference (D)).
1.0
0.8
0.6
Ke
0.4
0.2
0,0
X
_- .2 .4
I I
NACA66406
1 I
NACA66-218
NACA66-212
NACA66-203
NACA 23012
I I
1
I
0 0.2 0.64 -0.06 0.08 0.10 0.12 0.02 0.04 0.06 0.08 0.10
:.,,.
0.12
_h MAX _h MAX
value of 0.8 is used This should be reevaluated for any newA nominal k e
class of surfaces being examined and modified as required.
Cap Loads - The cap load (Px) at any section is obtained by dividing the
moment(Mx) by the thickness (hx) .
M
P = x
x
h
X
L b
= k%c pPq ex ex
2 cos 0
hf [m' +
At the wing-fuselage intersection,
i+ %s
(i - m')n ]
pf k_cp L b I{ )
= ex ex * 1 + 2_ '
hf 2 2 cos e _ _l T
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3.1.4 Structural Model Bendin_ Material
Cover Loads - The cover skins of an aerodynamic surface are usually sub-
jected to longitudinal compression from spanwise bending, lateral compression from
chordwise bending,and shear from torque. A rapid and logical method of obtaining
and interacting the failure stresses from the three loadings is not known.
AEROSURF assumes the spanwise bending stresses are critical and the effects of
torque and chordwise bending can be neglected in establishing the weight equations.
Cover Skin Allowable - For the weight equations,the cover skin allowable
stress is determined from the analysis of a single skin, open-face corrugation
shell discussed in the appendix. This concept is chosen for ease of analysis and
for the belief that the desired thickness-to-load relationship is reasonably
typical for most structural configurations.
The smeared skin thickness (t) or unit weight (w) is computed for various unit
loading intensities (Nx),and plotted for the specific material and temperature under
consideration. Straight-line approximations o[ the curves are developed following
the approach of Shanley, Reference (D). The equations have the form of:
w _ =CB+ N= __x
p144 FA
where: CB is the intercept value or "shell" weight,
FA is an artificial allowable stress for the unit load, and
N is the load intensity in ib/in.
x
The CB term has a direct relationship to column length (rib spacing for
cover skins), as shown in Figure 3.1-2. For a typical aluminum alloy and a reference
rib spacing of 20 inches:
w = 0.684 a. + N
-- x (0.i0) (144)
1
where w is expressed in ib/ft 2. 56500
Note that a good fit is obtained for loadings from i000 to 15000 ib/ime
and rib spacing from i0 to 60 in. In developing the equations, consideration
is given to insuring that CB is equal to or greater than minimum gage, and that FA
does not exceed Ftu" In correlations with existing aircraft where the particular
alloy is not known, values of CB = 0.70 ai and FA = 60,000 are used for
aluminum, and CB = 1.05 ai and FA = 128,000 are nominal values for titanium.
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FIGURE 3.1-2 SHELL MODEL UNIT WEIGHT VS RUNNING LOAD AND RIB SPACING
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Compression vs. Tension Cover - The beam model places the upper cover in
compression and the lower cover in tension. It could be anticipated that the lower
cover with the higher tension allowables would be lighter than the compression
cover. The detail weight statements of a variety of aircraft fail to show this
trend. In fact, the covers are similar in weight with no consistent pattern as to
which is the heavier.
COMPARISON OF WING BOX COVER WEIGHTS
FIGHTERS UPPER COVER LOWER COVER REFERENCE
F-105F 943 839 (d)
A3J-I 1,577 1,526 (d)
F-5A 216 226 (d)
F-101B 954 1,044 (d)
F-104F 258 252 (d)
F-fOOD 876 854 (d)
F-4D 935 1,006 (d)
BOMBERS/CARGO/TRANSPORTS
B-47B 4,610 4,698 (d)
B-52A 11,123 11,251 (d)
B-58A 3,038 2,841 (d)
C-135A 6,314 5,849 (d)
C-133B 6,682 7,053 (d)
C-130F 2,654 2,441 (d)
BAC-747 17,514 21,472
C-5A 15,560 17,215
Reasons why the cover weights are similar may be:
o fasteners and other cutouts reduce the effective area on the tension
surface.
o gust, inverted flight, taxi,and other loadings not considered by the
model place compression loads in the lower surface.
o manufacturing considerations.
AEROSURF considers the weight of the lower "tension" cover equal to the
upper "compression" cover.
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3.1.5 Equations for Bending Material -
Basic Beam Model - Section 3.1.1 shows the weight of a basic beam is:
W = P A d
X X
i P L £2
3 f h
Combined Planform and Thickness Taper - A conventional aerodynamic surface
is tapered in both planform and thickness. The integration factor for the combined
effect is derived as follows:
2 P f _ Mx d
W- f h x
Io X
o the moment is:
M =x Ap Cf[X_+(I- 6 £X')x3 ]
o the thickness is:
h = hf [m' £+ (i - m')xl
X
solving:
2
pL_ (k_)
W = 3 f hf m
o The integration factor, _m ' is presented in Figure 3.1-3.
Equation Development - The structural model unit weight is:
= _ (0.10)(144) = CB + P (0.10)(144)
FA
The shell portion (CB) is independent of load and a function only of rib
spacing (ai) . The second term, load/allowable, is the same as the Ax term of the basic
beam model. The t of the second term is simply A /C
X X
The shell portion is a function of rib spacing. Some studies, including
References G and H, suggest the optimum rib placement is near ai - hx,and
that the total weight is relatively insensitive to rib spacing. AEROSURF uses
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rib spacing as constant along the structural axis with spacing equal to h at
0.2 bex/2 and minimum spacing of 12 in.
The carrythrough weight equation is:
where:
2 p M
W =0 A bf = hff bf
L
M = ex Ibex 1 (2)' + 1) Ik_cp 2 2 3 ( % + 1 )
15
M:0
M 0.1
M= 0.21.3
/____ M : 0.3
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UNIFORM LOAD
DISTRIBUTION
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E /j/'/"/j f//_,,,,_/f '_ M: 0.7 :
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1
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PLANFORM TAPER RATIO
FIGURE 3.1-3 PLANFORM& THICKNESSRATIO INTEGRATION FACTOR- K
3ol.6 Shear Material
Structural Hodel - The structural model has tile vertical shear carried
by two spars. Torque is not considered, and the spars do not contribute to cover
stability.
Shanley (Reference D) has developed a model for shear resistant webs
similar to that developed for the cover skins.
A = 0.003 h 2 + S/21,500
where:
S = vertical shear
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A similar expression is developed for AEROSURF,using the tension field
analysis of Reference (I_. The allowable web shear stress (T) is expressed as
a function of a structural index.
E S
T = f(100) Ftu3 h_
At low load values,T approaches 0.383 F tu'
The stiffener area (Astiff) to web area ratio is a function of the index (S/h),
with a range of 0.3 to 0.6, representing the most efficient stiffener/web ratio for
typical loadings. The weight/load curves developed from Reference I for typical
aluminum and titanium webs are shown in Figure 3.1-4.
0.020
0.016
N 0.012
- O.OO8
0.004
J
0
0 40 80 120 160 200 240 280
S'h2 : qs/h,LB/IN2
SHANLEY-SHEAR WEBSWITH
BEADED HOLES
0.003 + S/h2/27,500
0.0005 + S/h2/24,200
7075-T6, MAC 338
GAL-4V (ftu: 130K)
0.0002+ S,h2,'38,000
320
FIGURE3.1-4 UNIT WEIGHTOF SHEARWEBS
The intercept of the shear curve does not reflect a minimum gage web.
specific t/h = C + S/h 2 relationship has not been developed,use:
s XA
titanium Cs =0.0002, TA = 0.29 Ftu, tmin = 0.02
=0.0005, TA = 0.29 Ftu , tmi n 0 03aluminum Cs = .
Loadin$ - The area of two shear webs at a section is:
Ax = 2 tmin (0.8 hx) + 2 Cs(0.8 hx) + SX/T A
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where:
b
h hf I ex I= m' + (i - m')2
x bex/2
Sx =Ap Cf J_' x + (i- X') x2/b lex
2L
Ap = ex
b Cf (i+ _')ex
The load distribution factor k_c p is introduced to provide an artificial measure
of the actual load distribution.
E_uation Development - Shear material equations are developed in the
same manner as the bending material equations•
b
/o ex2 cos eW= 2p A d
X X
o the minimum gage term is:
,b)P tmin0.8 hf( coseXe (m' + i)
o the shell material (shear curve intercept) term is:
2
--3 p C (0 8hf)2 b (
t
• ex .m
s
cos e
o the shear material term is:
k
p _¢p L b (2 X' + i)
ex ex
6 T A cos e ( )t'+ 1)
2
+ m' + i)
The model considers only vertical shear loads. Thus, there is no shear load in
the carrythrough. An arbitrary closure web, equal to the bending shell (CB),pro-
vides an allowance for torque and loads not accounted for in the model.
3. i. 7 Ribs -
Structural Model - The bending and vertical shear loads are taken in the
cover and two spar webs of the multirib torque box. The ribs in an actual surface
may be designed by one or more of many conditions. Reference G is used as a
guide for the rib model. Full depth ribs are assumed.
Two loads are considered in rib sizing:
o flexure induced crushing load from spanwise bending curvature, and
o stiffness to develop the column strength of the cover.
The flexure-induced crushing load on the rib is:
2
2p ao
X 1
N =
nx E _ h
C X
X
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Required stiffness is :
CR E IC C
_ =
req C a.3
X 1
Where CR, a stiffness parameter, equals 67.5 when upper and lower panel rigidity
is equal. 2E
I
C e
PCR = a.2
1
but
M
X
PCR = h
Thus, for stiffness to obtain column strength of the cover:
M
67.5 x
_R 2
x _ E C a.
r x 1
Equation Development - The rib weight equation is:
WR % b/2 cos e 1 d
= 2 t h c -- x
r x x a.
X 1
where _ = the larger of the stiffness or the load requirement. The total
rx
rib weight is calculated as the average unit rib weight per inch times the span.
The rib weight at the fuselage intersection is calculated from the derived
t The tip rib t is considered equal to CB of the shell material.
rE.
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Bending Relief - A concentrated weight will normally provide a relieving
load to the surface. The weight increment is derived using the basic bending beam
model.
hf
! i •
bex/2 cos 0 _i
' Wc
The weight, per side, is:
where:
A
X
So _
Wre I = p Ax
2W_:
C
d
X
f hf m" _'+ (i -m") x
hc=hf [i_ _' ]bex/2 cos 0 (i - m)
m" = hc/hf
Solving:
where:
W ,2
p c _ km,,
Wrel = FA .8 hf
Wc is the weight for both sides thus Wre I = both surfaces
I(i )m nm'kin''2i-m
The i0 percent factor for joints (JSF) is included as are the increments in the
carrythrough and shear material. The effect on ribs and other allowances are
considered small. The total relief term is:
Weight = (bending exposed + bending carrythrough + shear) JSF
c L cos Gbf+ p W c L,]
Wc & '2k, ' + oW '
Wrel = FAO.8 hf FA 0.8 hf _ A ]
i. I0
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Concentrated Moment - The weight increment for a surface including the
added moment (fin) is determined as follows:
W= 2P_o Ax
4 0Mc 9-'
FA .8 hf
d
X
k
mc
where k = in m"/(m"-l)
mc
The carrythrough weight increment is:
2 P M bf
C
Wrel = FA .8 hf
3.1.9 Allowances - The total wing structural weight will be different than
the "optimum" weight defined by the prediction model. This difference is accounted
for by two methods, (a) assessing reasonable values for known items that cannot be
quantified by analysis, and (b) including an overall nonoptimum or contingency
factor for the remaining weight difference, this factor being based on correlations
to existing surfaces.
_oint______s- On any built-up structure weight penalties are incurred for Joints.
Aircraft detail weight statements breakout the identifiable elements of Joints,
splices, and fasteners (JSF). Reference (J) data and other detail weight statements
show the following percentage of torque box weight for JSF.
Aircraft Percent Aircraft Percent Aircraft Percent
B47B 6.3 C-135A 22.1 F-104F 5.9
B-52A 7.9 C-133B 6.8 F-100D 13.1
B-58A 8.8 F-IO5F 6.2 F-4D 7.9
B-36A 8.9 A3J-I 8.8 A-3D-2 9.3
F-8E 7.8 X-15A 6.3 C-5A 8.6
C-II9H 13.4 F-5A i0.0 DC-8-63 i0.i
KC-130F 8.9 F-101B 15.7 DC-10-10 7.3
No logical trend with any geometry or loading parameters was found. Note that
differences in weight grouping may be significant and the values listed may be
biased, to some degree, to the low side since elements not readily identifiable,
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such as integral doublers, thicker skins or webs, "nonoptimum" load paths, overlaps,
etc., are not normally included in the JSF grouping. Ten percent is added to the
torque box weight for joints.
Standard Ga_es - Modern aircraft use extensive machining methods, therefore,
only a small factor is anticipated for the use of standard gages and not tapering
all elements to absolute strength requirements. A thickness of 0.005 in. per surface
appears reasonable for aluminum structure to account for this manufacturing problem.
Since titanium and steel will be subjected to even more exotic machining
a unit weight of 0.14 ib/in 2 is included for all materials.
Simplified Model - The loading condition assumed in the analysis model considers
only one flight condition. The multiple loadlngs on an actual surface, HAA, LAA,
Landing, torque, etc., will increase the loads derived by the analysis model on some
or all structural elements. Bending material will be affected somewhat, shear
webs and ribs to a greater extent. An arbitrary i0 percent in bending structure,
and 20 percent in shear structure and ribs is included to reflect the multiple
load conditions.
Contingency - Correlation with contemporary aircraft data shows the prediction
model defined a weight that is 25 percent less than actual surface weight. A
contingency factor is added to the manual to account for this weight. Comparison of
the contingency factor to various geometric and loading parameter failed to show
any logical trends. Thus there is confidence that the model does reflect actual
variations and that realistic data is obtained for designs and loadlngs that may
represent significant extrapolation from the contemporary aircraft.
The correlation data are presented graphically in Figure 3.1-5. Table 3.1-1
presents the weight data and basic geometric data. For the correlation to aircraft
the Leading Edge Structure and Trailing Edge Structure are estimated from the
following empirical equations:
leading edge WLE = 3.38/0"001 Wg Nz
\ SG
trailing edge WTE = 1.8710"001 Wg Nz
SG
0.3
SLE
0.2
STE
These equations yield unit weights (pounds/projected areas) of 2.5 to 3.5 psf for
leading edges, 1.5 to 2 psf for trailing edges. For materials other than aluminum,
these structures are assumed to be lightly loaded structure and ratioed by the
unit weight of the new material to unit weight of aluminum at a 500 pounds per inch
loading as determined by the SHELL program.
3.1-22
j
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS
COMPUTER PROGRAM - FINAL REPORT
REPORT MDC E0746
VOLUME I
28 FEBRUARY 1973
105
cCI
..J
I
i--
..e-
104
_..J
I'--
F H'-7 
/""A4D-2N103
10
/
/
C
C-5A
/
10 4 10 5
ESTIMATED WINGWEIGHT- LB
FIGURE 3.1-5 AEROSURF PREDICTED WEIGHT VS ACTUAL WEIGHT
(Wing Less Control Surfaces)
Table 3.1-2 lists the actual and estimated weights of 19 airplane wings used
in the correlations. Table 3.1-3 is the input file for the NR Orbite wing and
Table 3.1-4 is the resulting output wing weight. Table 3.1-5 is a detail listing
of the AEROSURF program.
The following is a listing of the fortran symbols along with their correspond-
ing units and description.
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SYMBOL UNIT
AICP ND
AiLP N_
AR 7_
D Feet
BCILI In
_CT Ft
BLPI In
BLP2
CB
CF
CLE
C_._
CR
CS
DELP
EMODU
ETA WNG
FA
FCP
FG
_n
Lb/Ft 2
Ft
Lb
Ft
ND
Lb/Ft 2
ND
Lb/"in 2
Lb
DESCRIPTION
Control Surface HL Fraction of Chord
Control Surface Fraction of Exposed Span
If AICP = O
Area of Control Surface
Aspect Ratio (Fling)
Span
Location of Concentrated _,:oment Input to
Orbiter Centerline
Span of Carrythrough
Location of Concentrated Weight Input (I)
to Orbiter Centerline
Location of Concentrated Weight, Input (2)
to Orbiter Centerline
Shell Material Intercept
Chord at Fuselage intersection
Leading Edge Fraction of Chord
Concentrated Moment Input
Chord at Root
Shear Web Material Intercept
Equivalent_p of Critical Loading
(Either WG*NZ or DELP, or both, must be
entered for wing)
Modulus of Elasticity of Torque Box _terial
CP of Surface Load
Artificial Allowable Covers
Flap Chord/Wing Chord
Main Gear Vertical Reaction
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SYmbOL UNIT
FLP ND
:1312,_ In che s
KEAS Lb/Ft 2
KP ND
LI_,_ ND
LE Lb
I/{ Lb
M ND
MP PSF
NZ ND
PTBXC
PTBXE
Q Lb/Ft 2
RBM Ft Lb
RHO Lb/In 3
2
SEXP Ft
SFLPLE Ft 2
SFLPTE Ft 2
SG Ft 2
SL Lb
SLRATI ND
SMGDR Ft 2
DESCRIPTION
Flap hinge line length/Exposed Span
Length Main Gear
Unit Pressure on Elevon
Integration factor - planform and thickness
taper
Planform Taper Ratio
Planform Taper Ratio - exposed
Weight of Leading Edge
Horizontal Tail Load
Tip Thickness/Root Thickness
Tip Thickness/Thickness at fuselage
Ultimate Vertical Load Factor
Area of Carrythrough/Area Buried (THEOR.)
Area of Torque Box/Area Exposed
Orbiter dynamic pressure
Root Bending Moment
Density Material, torque box
Exposed Surface Area
Area Leading Edge Flap
Area Trailing Edge Flap
Aero Ref. Wing Area
Exposed Surface Load
Fraction of Load on Body
Area of Main Landing Gear Doors
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SYMBOL UNIT
SSB Ft
S SLAT Ft 2
STE Ft 2
TAU Lb/In 2
TEMP OF
THETA De g
TMIN In
TOCR ND
TOCT ND
UFLPLE Lb/Ft 2
UFLPTE Lb/Ft 2
ULE Lb/Ft 2
USB Lb/Ft 2
USLAT Lb/Ft 2
UWAIL Lb/Ft 2
T.b/ 2
WA ILDR Lb
WAILH Lb
WAILS Lb
WBREL Lb
WCl Lb
WC2 Lb
WLE Ft 2
WSWPKR Lb
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DESCRIPTION
Area Speed Brakes - Spoilers
Area, Slats
Area of Trailing Edge
0. Input)
Shear Allowable
Design Temperature, torque box
(Ref. info. Not used in calc.)
Sweepback Angle @ 50% Chord
Minimum Thickness of Spar Webs
Thickness Ratio at Root
Thickness Ratio at Tip
Unit Weight, Leading Edge Flap
Unit Weight, Trailing Edge Flap
Unit Weight of Leading Edge
Unit Weight Speed Brakes - Spoilers
Unit Weight of Slats
Unit Weight, control surface shell
If AICP = 0
Unit Weight of Control Surface
Unit Wing Weight
Weight Aileron Drive Rib
Weight Aileron Hinges
Weight Aileron Shell
Weight Bending Relief
Concentrated Weight Input (2)
Concentrated Weight Input (2)
Wetted Area of Leading Edge
Weight Sweepback Kick Rib
(Calculated if
,,..4
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TABLE 3.1-3
WINGINPUT
NRqHUTTLE
AR:2. l 9,BCT: 17.5 ,LAMB: .21 ,TC_CR :. 09, T_CT:. 12, WLE: 4[_a-
gG:3220., T}{ETA: 10.,PTBXC:. 43 ,PTBXE:.D94,CLE:. IO0,qTF:O-
WG'215000., NZz3.75,LH:O-, UW_zO.,BLPI :0. ,WCI :O.,BLP2:0.,
WC2:0 .BC"II:O. CMI:O. DELP:296 REA£z.6;B
RI-{¢" .[6, CB-.gT' ' " '.CS-.0005, FA =(_4394., EM_DII--lO.E+6,
TAIl 223g0. ,TMI N .03, T F"IP--70., FCP=O •, qB'LPTF- 0.,
AILP: I.0 ,UWA IL:I •75,AICP-.306;, FLP:O., qqLAT:O.
UFLPTE-O. ,qFLPLE:O- ,[IFLPLE:O. ,gSB:O. ,IIgB:O.,
fILE" I. GO, U qLAT "0.
FG-235000. ,GL_:95. ,_: 650. ,gMGDR-I _0. ,
_k
TABLE 3.1-4
WINGWEIGHT
: 2.2 EXP _SED AREA : 2202.
: 3220. FT2 GR ff,qS !4El fiHT : 215000.
: .2100 LfAD Y_,CTffR : 3.750
: .0900 PRESSURE :29_;.000 P.qF
: .1200 R?DY SPAN : 17.5 FT
: _4,0 FT qWCEP ANP_LE :10.0000 D_G
: gSlg37.9 Lq _ATERIAL : NR.qHIJTTLE
: 4515091 .FT-Lq TEMPERATIIRF : 70. DEG.F
_ gP .=:CT RATI?
AREA GR_SS
' II
TAPER RATIfl
?,_%T TIC
TIP T/C
gP A ",1
SURFACE LDAD
RT,_T q._.
FT2
L,q
EI.EHE'IT EXPPgED
CARPY-THRU
RE']DI_G
.q}(F:LL
R E'JD I _,l,q
KICK RIB
P,E'JP REL
.q}{_ZAR
_,qELL
.q!IEAR
RIB,_
JCI _Tg
qTD.GAGE
M?n EL
SIJ3T_TAL
r,_c'N- _P T
, _'; •
SIIBTRTAL
I753.
1020.
O.
22R.
2243.
R73.
1¢3.
R_g.
717g.
1 7Wa.
_972.
T_TAL TRRP, IIE q_X 1294_.
LEADI _G EDGE 774.
MAIN GEAR PPgg 1202.
SIIRF C_.)T PR_V s_.
O.
FLAP £ 23 '_2.
AI 1.;':.R_ '_'g
TRAILING ZD_ -0.
T_TAL k,'I '}G
91.
1074.
250.
_1.
290.
3101.
775.
3R7_.
177G4.
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TABLE 3.1-5
AEROSURF LISTING
#LIST AER,_FB I0
AERFEBIO 2R:OR FEB 27,'73
1000._FIXFT_
2000
5000
4000
5000
GOO0
7000
gOOO
gl O0
$2 O0
9000
10000
IIO00
12000
15000
14003
15000
lgOO0
iglOO
1_200
17000
lEO00
IPO00
°_000
21000
22000
25000
2,aO0_
o_OOC
2_000
2'700C
2 _:"I,0 0 0
29000
50000
310QO
3_q000
5.z,00 ,q
., 'd 'J
35900
5L1000
370C; 0
5S009
3SOOO
410 e,"
^10
"2O
39
4O
"5C
"70
"_0
DI ME',}S12N A(3)
,qEAL LAMB, LF{,N, K, NZ, LE, KEAS, LA_IT_P,NP, KP, KMPP, RE ,MPP
, ;,,,.,,,_ AR, .qG, LAMB, T .'2..CR,T ROT, BC T, THETA, t_/q, NZ, DELP, LH
! ,PTBXC, PT_qXE, CB, RF_, FA, C,q, TAIl, TEMP, I-II'IW, _3, .qEXP, _L, R-q-I!
E."1"DU WRWPKR _._BREL L,JCI t,,_C2,C,'II,BLPI,RLP2,qcMI
2 '_I.r tILE, C.RR,TNIN,fi(50)
C2r.¢IPN/R'aRM/FLP,FRP,_\,.AS,AILP AICP,tI_;AIL,CLE
1 , FG, GLN, Q, SNGDR, GPRP, V,,qTE, CSPR_V
2 SFLPTE, UFLPTE, .gFLPL£, UFLPLE, gSLAT, U.qLAT, RRR, tiER
C?r_,NSI/RWRHT/KLgC, ELCC,[IEL,[IES, ELR
C ..qNK,'_N/R'_IPVT/RDC,RIID!IL,IIRS
_A ?'!EL I ST
I AR,gG,L_.,B, Tqcr',,Te'gT,BCT,THET_, vc_, _Z,DELP, L}{,PTBXC
r F_ Cg T_II TEMP,IIblW CSR,TMI_2 , PT:,X..., Cq, R_{_, , , ,
,3,ill _, FLP, FOP, Y..EA,q,_ILP,AtCP,IIWAIL,CLg
4, ELSE, ELCC, II r':L, liES, ELT_, RDg, RIIDIIL, llR.q, t,;LE, RDC
"_n_,',,/Cl ,Cf'!lqLPI BLPO,RC_I5 , r ......... , L,.IC2 , , ._.
F,g GL_,'*' ,q'_q_R .qT;,
_ p p t
7,SFLPTE, [IFLPTF',£TLPLF., I/FLPL_, S.qLAT,II.qLAT,£SR,IISB
;4,'2,ITE (IO_ 900)
RFAD _I05,._01._._,'D=9999) JIF (J g_.O) G._ T7 9999
READ (,J,_'9._)(_(I),I:I,3)
q? T '_ (2n zO aO) J
! ',IP',IT ( 1 )
CALL u!';g(,I)
q" T", _.q
I _,_PlIT ('2)
CAI.}. IIT_I!.(,J)
q£ "_: _:0
Iv,p'IT(_S)
CALL VT_ IL(.I)
q .7 T '_ 7'0
'_;'ITE (i0 _, q02)
q_ T _ _O
r,,;:,i T 7 (IO_. _03)
',_I:IT -r (l.qg,904)
";.iTE (I 0,_,905)
_,#RIT.--.(I Oq,90,_)
JRITE (tO _ 907)
_IR ITE (IOR,9Og)
'"_ITE ClOg 909)
-V _ '
' _,'2.I T E (lOS,910)
_R, SEXP
L_NB, NZ
T qC R, DELP
TqCT,BCT
B, THETA
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/;2 9,°0
,4.3Cp,O
"_noc
4C.o,90
,-7,0,00
,-,oO00
-10,900
_O,9,OoJ.
51009
.53"00u
5z'o00
=_000
5_00,0
;7,J
5o_¢ 0
. , ,, j
5,"I O0
5"5C0
599C C_
C1000
g2COO
,g3000
g1'OO,q.
S5008 "I O0
:;,;000
g70 _ "
G":, !000
70000
71900"110
72 000
73000
74000
75900
7GOOO
77000"_99
7"0O0 ^900J_
79000
:79000
1"I000
....O00^oOl
83000",_02
$4000 "903
S5000"904
,,_000 _ 05
0,0
_7 ,,J3,
":' r, 00 *_Og
d,
=
:-O,OO
TABLE 3.1-5
AEROSURF LISTING (Continued)
!JP,IT_(IO_oF)II) SL,A
_VRITE (I0.R,912) RR_I, TEMP
'4RITE (IO._,F)I3) G(1),_(2)
I,)RITE (lOg,.qla) G(3),G(4)
URITF (IOR,950) LVSWPKR
WRITE (I O8,9_O)WBREL
'_VRITE (I0g,915) G(5),G((_)
_#RITE (10g,91_) G(7)
'_JRITE (IOF!,917) flCg),GC9)
',JRITE (108,918) G(IO),G(II)
'/RITE (10_,919) G(12),G(13)
",'RITE (I0g,920) G(14),G(15)
WRITE (10S,921) GCI_),G(17)
t,JRITE (10_,922) G(IB),G(19)
_,,]RIT£(I0g,923) G(20),G(21)
',/RITE (I0?,,924) G(22)
',/RITE (10g,925) G(23)
",.tRITE (10g,965) GPRP,V
_JRITE (I0g,970) CSPR_t/
GP T_ (90 I00 110) d
I, , ,
_JRITE (10g,926) G(2,_)
t.dI2ITE (10.R,927) G(25)
'JRITE (10S,92Z) G(2_)
WRITE (IOF_,929) G(27)
q_2 T? 20
_RITE (10,R,930) G(24)
i.'_:ITE (10Z,931) G(25)
I_RITR (10g,932) q(2_)
L,/RITE (108,933) G(27)
_.,)RITE (10g,934) G(28)
G_ T7 30
',JRITE (I0,R,935) r_(24)
;'RIT_ (108,93G) G(25)
_,'/RITE (lOF. 937) G(gG)
t,}RITE (I08,93R) G(27)
_.,!RITE(108,939) G(2R)
q,_ T_ 40
F, ,,,,1AT(3Aa)
TIRMAT(I}{I ,lOX, "tOHAT P_ YP.II WISH TI?] RII_?'/IOX
l,'(O:gTgP, l-'-_INq, 2:_{_,RIT_CAN. TAIL, 3-VERT. TAIL)'/IOX
2, "TI{E I_:PIIT FILE _[IST .qF ASqlO_NED TR THE NII_BER Y_II PIIT IN"
3/fOX, "(EX. _,}ING - F'I-_I_ME, IN) ")
F .... _IAT(II )
F?RXAT(IF{I,3OX, *_ING W_IGHT'/)
F3R_AT(IHI,gSX,)IgRIZ_NTAL TAIL _OEIGHT'/)
TF_RFIAT(I}II,2_X,. URRTIOAL TAIL WEIG_IT'/)
FSRNAT(II{O,5X, ASPFCT RATIP. -- _'IO°I,IOX, "EXP_,SED AREA -'FI
a " FT2 ")
_r_ " FT2"5X "GR_SST ..... _AT(1 _t GR_SS : "FlO.O, ,
3 FIO.O
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.,:'0000 *?0"7
_'1000"908
_,5X,
')2 000
?3" ,.,00 ^909
°J,
")4000
95000"910
F7./4
P
9_000
97000"911
?,'7_.0O0
99000 "912
IO0000
10 I000 ^91,3
192000
105000"914
104000"915
105090^916
106000 "917
107000"918
10R000^919
109000 "920
11,1000^921
II1000"_22
112000"923
113OOO*924
11 4000 ^_25
115000^926
I 16,000 ^927
11 7000"_2S
I18000 ^929
119000 ^930
120000"_31
121000"932
122000"q33
123000"934
124000*935
125000 *936
12C_000"a37
127000 ^9,3q.
12ff,.qO0 *9,39
129q00"950
130000"a_0
130500 9_5
130790 979
131000^999£
1520C0 ^9997
135000 ^m99_
• / i / .
135000
FC_R_IAT ( I H
F,mRMAT(I }{
TABLE 3.1-5
AEROSURF LISTING (Continued)
,5X, "TAPF.R RATI_ :'FT.4,13X,'L_AD FACTOR :'F7.
,5X, "R_RT T/C :'FT.,_,I3X, "PRE.qRIIRE :'FT.
C "P_qF ")
FflRMATCIH ,5X, "TIP T/C :'FT./', 13X, %eI)Y .qPAN :'FIO
D " FT ")
FF_RMAT(I,t{ ,5X,'.qPAN'IOX,':'_IO. .I," FT'5X,'.qWF.EP ANGLE :"
5 X, "DEq ")
FRRMAT(I.. H ,5X, "qlIRFACE LRAD :'FIO.l,3X, "LB'5X,'MATERIAL"
- 3A,_)
F_
l_X, -
FgRMAT(I}{ ,5X'R_RT B.Mo'SX, ":'FIO.O,'FT-LB'5X
2 "TEMPERATURE :" F7,0,3X, "D._G.F'/) .
F_RMATCI)(O,RX, ELEMENT 20X, EXP_.qEr) 13X, CARRY-THRII'//7X
A "RENDING /10X, ".qHELL'I_;X, mlO.O,12X,;IO.O)
F_RMAT(IH , 9X,.,qENDING'IaX,•F'IO.O,.12X,FIO.0)
F,"]RMAT(I,_{ , 6X, .q}{EAR /IOX, .qUELL I_X,_'IO.O,12X,F'IO.O)
_'_ , . 0F:,, IAT(IH _X, :qHEAR" I._X,FI,q. ,12X,rlO.O)
FRR_'IAT(I.t{ , 6X,.RIS" 20X,FIO.O.12X,FIO.O)
FTRMAT(IH , aX, JCI'ITR'I_X,FIO.O,12X,FIO,O)
F,qRMAT(II{ , _X, RTr).qAGE I_X,FIO.O,12X,FIO.O)
FfiRMAT(I}{ , _X, ,'_r_DRt." DX,rlO.O,12X,r10.0)
FgRMAT(IH , 8X, _[IPT%AL l,_X,rln.O,12X,FlO.0/)
FNRMAT(I}{ ,fOX, "!?'_-C'PT..12X,FIO.O,12X,FIO.O/)
F_RM4T(IH , gX,'_!IqT_T_L I_X, rlO.O,12X,rlO.O/)
FF]RMATCIH , l?X, T,qTAI. T?R2tlF}_X I_X,FII.O)
F?RMAT (I!{ ,12X,.LEADI_q EnGE ,20X,?ll.O)
F,"R,'14T (I}{ ,12X,.ELAP._ ,27X,Fll.O)
F?RNAT (I}{ ,IRX, _ILERr'_,'S ,24X_,Fll.O)
T_RMAT (I!{ ,12X, TRAILING EDqR ,19X,FII.O/)
FgR_aT (IH ,12X, Tr'TAL I_!NG ,22X,FII,O)
FqRMAT (I:{ ,12'(, ELEVfN /I_X, .qHELL',24X,FII.O)
FZRNAT (I}[ ,15X, DRIVE RID ,20X, FII.O)
FSR_0T (I}{ ,15x,.;{l_qE ,24X,FII.O)
FORMAT (I}{ ,I_X,.ATTACH ,23X,FII°O/)
FqRMAT (l}{ ,12X,. T3TAL !{7217 TAIL _,I_X,FII.O)
F_RIIATCI_{ ,12X,.?,UDDER /l_X, S}I_LL ,2/4X,FII.O)
FTR_IAT(I}{ ,15X,.DRIVE.PI_ ,20X,FII.O)
F_RFdAT(IH ,15X,.HI_.]GE ,2/4X,Fll.O)
F_RHAT(I}[ ,15X, ._TTAC}{ ,23X,FII.O/)
F RiAT(I,, ,I..X, T TAL V,.RTICAL TAIL ,13X,FII.O)
FqR;!_T (I!( ,9"4, [_!CK RIB_,I3X,FIO.0)
F?RT'I_T (i_I ,X, qF_!D REL ,13X,EIO.O)
FTRHAT (IH,12X, MAIN GEAR PRTV ,IRX,FII.O)
F_RMAT (I}{,IRX, "RIIRF C?_T PRgV',IRX,F'II.O)
,qP T? I0
STqP 2222
_T _ 3 ,'_.33
,qT,? O0.qO
E_:p
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13_C)00
1.37800
13700C
139080
14cj080
IL2000
142580
1-'3000
lal_O00
I/_5000
Ia51C)O
145°00
145300
i45400
1 ,,'_5500
145_100
11____
1477_00
147100
1 .'.:.:.000
149000
143100
14_205
I±920g
I_LOO
149413
149412
14941 4
14941g
149420
14'.)L40
14.'450
I/_9LgO
143L70
1494_0
1J _"Z,_.O,•-I If
1 ,;,"_ 30'j
I_9_00
150000
150100
150500
158_q00
150700
1513O0
1_'1 i00
IEIDSO
151_00
39
41
,qllR2llT I "]E WING(J)
I_EAL LAMB,LH,N,K, NZ,LE,KEA-_,LAMRP,MP,KP,KMPP,KMC,MPP
C _.MM,.''IAR,gG,LAM,_,T_CR,TR.CT,BCT,THETA,_IG,NZ,DELP,LH
I,PTRXC,PTBXE,C_,RIIR,FA,Cg,TAII,TEMP,IIWW,_,_XP,_L,R_M
I, EN8DII,WR_PKR, _#BREL, _CI, IqC2,CMI ,RLPI ,_LP2, BCMI
'/LE IILR CRR,TMIN G(22) LE WFLAP,_IAIL,WTF,WWT
" t t II t II t
CZ_TI"TN/R'@R_I/FLP,FCP,KEAS, AILP,A ICP,IIWAIL, CLF
I , FG,GL_, q, gMGDR, GPRRU,.RTE,CSPR_V
2, gTLPTE, IIFLPT E, gFLPLE, IIFLPL E, g.q LA T, II._ LA T, g._l, llgB
CALl. TRqTX(J)
3_C:3CT/3
CR: (2._gG)/(B*(1 .+LAMB))
TR : CR_T ,"¢,CR
CT : CRY<LA f9
TT:CT*TSCT
IF (LA'9.E_.O.) TT:T_CT
:;:TT/TR
TF:TR_ (I .+(bl .)*qCT/B)
1_,',.: 3- BCT
gTBE:PT3XE_gEXP
r'ilTPtlT (I OR) gTBE
CF: CP_ ( I .-3.qC* ( 1 .-LAMB) )
g:_C F: CR/CF
17 (AICP.Ef_.O.) qfi Tg 39
galLl :AILP*BE*AICP*CF
gAIL:gAILl/2.*(2.- (I .-LAMS)*CRCF*(I .-B._C)*(2.*FLP+AILP))
C_,iAIL: RA IL/( AILP_B E)
,AI1,i_: _A IL*I a4.,XEAg, l2**CMA IL*.5*.O01
CX:CR_IL/AICP
"_X: (CX- CT)*BE/(CF-CT)
T'K:TT+(TF-TT)*BX/DE
}{LTR: (2.:qX/3.).1P-.
'._ g: I1'._'_I L*gA IL
',l._n_: (C:IAIL*(A ILII_IIILTR)**. 75),2.
_,_ll:(. z_O*AILP*BE*AILIIM**.2)*2.
;/A I l.: _:JAg+ !VAIZR+W_ }1
G_' T "_ 41
._A IL: ,_ILP
",ITP_IT (IOF) .qAIL
',J._I 1.: I I',,.'_IL*,qA IL
C?'_TI'_tIE
'..!FI.PTE: _FLP TE*II FLP T E
"IITPIIT( I 0_) _FLPTE
:4712 I.E: ff FLP LE*II FLP LE
g FL_ P: g FLP TE+._FLPLE+RgLA T+RRB
:"IITPI IT ( 10 _.) ._FLP LE
:,_gl.AT: SRLAT*II,_LAT
,'7._ITPIIT ( 1og) ,_RLA T
!/g3: g trail .q3
7IITPIIT (10g) ggP,
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152090
152590,
1539O0
153500
l_Z_O00
laL500
1550O0
Is<OCO
15,'1100
157000
15750n
157S00
150000
151-500
159000
159100
Ic,.q200
I.-11000
I.'i,.°000
I<3000
I";/,o,qo
1,;5093
Ir,jRO3
IC7,_0.
1J_000
Ig9000
170000
17100O
172000
173000
1740O0
175000
17,:000
177000
17o000
17.<000
178000
IV1000
I_2000
173000
134000
1.75 C00
I--GO00
157900
IS'_000
179000
190000
191000
192000
I0,_0,00
194009
?UTPIf
WTE: 1
IF(WG
WWT:G
RETIIR
E_ID
gllBRg
REAL
TABLE 3.1-5
AEROSURF LISTING (Continued)
UFLAP :UFLP T Z-L_?FLP L E+WS LA T+WSB
P1 : .2 5,_UA IL
P2 : I. 1 *'..JFLPT _**. R
P3 :. 55,_ I,IFLP LE*_. g
pz., :. _0 _:,/SLAT:_*. 7
p5: °.:,. 5_,-,,qq.
ggPR ,"b'= p 1 +92+P3+P4+P5
._lY:CLF._SEXP
711TP:JT(I OS) SLE
LEz:,,rLE* UL I::
T',(-(£B+(500 ./FA)*RHP_I 44.)/(. 7+ (500./GI 000)*. I_ 144.)
rtlTPIlT(I OR) TK
!7(:ILE.Ee.O.) LE:3.38*(.OOI*WG_NZ/SG)_*.3*SLE_TK
qP R[ :I:. 4.3 • to**. 3*SMGDR+. 0 77. ( FG_GLM*. O01 ) **. 90
IF(RTE.LT.I.) STE:SEXP-STBE-SFLAP-SAIL-SLE
T(IOg)STE
.g7*STE_(.O0 I*WG*NZISG)**.2*TR
.EQ.O.._R.NZ.EQ.O.) WTE- 1 .RT*STE* (. O0 1 _DELP)**.2*TK
(P.2)+LE+GPR _,V+C RP R 9V+ WFLA P+WA IL+WT E
N
!ITINE HTAIL(J)
LAMB, LI[,M, K, NZ, LE, LAMBP ,MP, KP,KMPP,RMC, MPP
C_,'IMgN AR,SG,LAMB,TRCR,TRCT,BCT,THETA,WG,NZ,DELP,LH
1 ,PTBXC,PT.qXE,CR,RH_, FA,CS, TAU,TEMP,UWW,._,SEXP,SL,RBM
I ,E.M_DII,WSWPKR, WBREL,!.,.tOI,WC2,CMI ,_LPI ,BLP2,BCMI
2,WLE.ULE,CSR TMIN,G(22) LE,WES,WEDR,WEH,WEP,TAIL
C_MM_N/RWRI[T_ELSC, ELCC,I'JEL, UES, ELB
CALL TR_q_tX(J)
C_STzC_S (Tt:ETA/5 7.295g)
BE:B-BCT
gEL: ELSC*SG
C_E:SEL/(_q* (1 .- EL,q) )
HLTE: I2.*CHE* (T _CRJ-TflCT) 12.
HLLE:_*(I .-ELB)/CgST
EHM::,:=L 144.*UEL_I2._CNE_.5*.O01
I.EzWLE_IILE
WESzIIES*SEI.
b/ED[,:. 4 _kCNE, (r_ :t _.....MI ,LT _)_.75
:dE}I:.aO_HLLE_EHM_*.?
WEP: .25_(WZS+WEDR+WEH)
T A I l.: G( 22 )+LE+W E.q+t,r ED R+ WEH+b_EP
R ET IlR xl
z
RIIRPTIITI NE VTA IL (.I)
..,,F _]Z L_,LAMRP,MP,KP
q'"_N AR SG L_ _-_ TPCR T_CT ROT THET_ t,/O NZ DELP LHC I'_; ,l' , I ! , , t , I II II
I,PT3XC,,r_'r_'z_'. ,,,.,Cq,R!Ir',_'A,Cg,T_U,TEMP,IIWw,3,SEXP,SL,RRM
1 , EM."qll, W.q,,.,IpKR, '!qR EL, WO1 , ug2, OMI , ,qLP 1 , qLP2, _c MI
R,,:./LF,IILE,CSR,T_II"_, G(29) ,LE,WPS,WRDR,WRH,WRP,TAIL
C_I:I'N/RWR VT/RDC, R flDIIL,fIRS
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195000
196000
i-_7000
I_.090
l_qO00i
o40000t-, u
201000
202000
203000
204000
205000
20GO,SO
23 70 O0
205000
_9000-_
218000
21 1000
212000
213000
_1 40tqO
215000
21 _Ce.O
_1 7009
21°-000
21900 n
,u
22000_ _
221000
2221300
223000
o_on 0
oo_090
oogOOC
2_°.7000
_o_oor3
2qBOOO
230900
231000
23_000_.
233O00
254000
255500
_3S000
))
237000
¢-t. t_23 _,JO0
239660
240090
o',IOO0
241100
o.'T3 0 0 O
24310O
244000
2450O0
24_000
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TABLE 3.1-5
AEROSURFLISTING (Continued)
CALL TROBF, X(J)
CIqT:C_S(T]-[ETA/57.29581
C2: (2•*gG)/(,q*(l •+LAMB) )
:,: CR*T ,'C R
TT:CT*T2CT
C:.IRzRDC* (CR+CT)/2.
.qRIIP:RDC*.qq
r_, , ¢-,I •,-,:{P,i:._Rilb*i 44.,kRtI,")IIL*Ig•*CMR*•5'k 001
,,,LTJ,- 12 * (TR+TT)/2.
; [L L77:;q --2IC ;:.q T
i'- r,
:g)-:: _-.br,-. 4 6.0 _'IR*(RH M/HLTR )*_. 75
,.1,, i{:. aO, ]{LLR*R HM** .2
'J'TP .25. (t, rR_+_#RDR+t, tRH)
LE:I1LE*WLE
T _, I L:G ( 22 ) +I;IR.q+WR D R+ WRH+I_P+LE
T" _'' _ ! It,,,. t l,R.,]
r u ,"-)
' ']q,, [;rl TRr_BPX (a)
.... AI. Lt_e,R,L;{,M,F, NZ,LAMBP,MP,KP,I{MPP,KMC,MPP
C_,_I71_'1AR,_G,LA:_,B,T_CR,TflCT,BCT,THETA,WG,NZ,DELP,LH
1 ,PTBXC,PT,qXE,CB,RII?, FA,CE,TAtI,TEMP,tIWW,B,.qEXP,SL,RRR
I ,E,'I,mFILI,',_SI.,IPKR,WBREI.,blCI,WC2,CMI ,BLPI ,BLP2,BCMI
--,'mI..IL_ ,IlLr,.,r.SR,T,_IN ,r,(22)
C 2_T: C_S(TH_TA/5 7.2 95,_)
_- (AR* qG)**. 5
CR: (2 .*SG)I(R_(I .+LAMB) )
CT: CR* L A."IB
Cg: CP,*( I.- (I .-LA MB)*BCT/B)
TR:T_CR*I2**CR
TT:T_CT*I 2**CT
IF(LAIB.F_.0.) TT :T_CT
"-TT/TR
TF=T> (l .+(M- I.)*BCT/B)
_,IP:TT/TF
,_'-'£PC:TF*(._+O.2*MP)
!'F(RqSPC.LT .I 2.) RBgPC: 12.
I7 (71P.GT..99) r4P:.99
LA:IRP:L#t#B/(I .- (I .-LAMB)*BCTIB)
}<P:3.*LAi'!BP/(I .+LAMBP)*((I .-3 **MP)*(1 .-MP)-2.*MP**2*ALFG (MP
](P:KP/(I .- MP)**3
YP :XP+(I .-LASP)/(I .+LAMBP)* ((2.-7.*MP+I I .*MP,_*2)
_*( l .-IiP)+6.*MP**3*ALt_fi(MP))/5 ./(I .-HP)**4
SCT:SCT*(CR+CF)/2.
SEXP : SG-.qCT
tITPIIT(I Og) 9EXP
gT,qC: PTn, XC*.qCT
,."IITPIIT (10 _) ,_TBC
£T,'q E: pTri ,'(E*SEXP
I,]:,.I: [] b][,l,k,qG
qE:q-BCT 3.1-35
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TABLE 3.1-5
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¢'_ /,
=,,7000
24_300
24"9 ,:,.OO
-:51 lO0
2551 O0
2'-'51.,90
2_:7_ 0O
2<--....030
eL, / _'
...... , 309
_iI 3 ,'1,0
,m,_ 0
..... ..go0
2 :;5 _ ,").O
o../
o..-" 'C, OO
tm
_,5,", 00
2ggOCO
2.':c¢,0 O
272000
7
_7oOLJO
Z74,q83
i_75,300
275232
2755O _"
,":77 t :",a
'_7 -_ _,O
:) _, r,
_7: .....O0
2-:0800
272003
2 "510
2-5000
_ _.O00
."5000
=i:-:g 0 C O
,_. 7000
.... 000
":"_OOO
2:"i OOO
...... I00
) )_:*. 92
,,UuS
' '5090
k?COO9
237100
TA NT:.q! N (TIIETAI57.295 g.)IC_ST
TA'!LT.:TANT+2,(I-LAMB)/fAR*:(I+LAMg))
TA'ITE:TA_'LE-4*(I .-LA,MS) I(AR,k(I+LAMB) )
ANqLE:57o295g,kATAN(TA _ll.E)
ETAWNq: (.04+AR,(.OO49+oOOOO45,kANGLE)),kLAMq
ET At,I r;S : ETA W,'tq-. 05* (LAMB-. 4 ) **2
ETA'dUq: ETAWNG+.41.(I .+.00035.A NqLE)- (_O.-ANGLE)/3000
F:3.,_,P5-5.*ETAWNG
S£7: A,'2,*T& _JTE* (- o014Ra)
!i:(AR-a.)*(l .+5,5*TANTE),O o003
IT (AR,LT.4,) H:O
CRAR CL: P+Gr.E+H
ETAF:BCT/B
FF:F*('I-ETAF,_2)_,.5+('20..kETAW_G-R.4gg),ETAF._2,(I_ETAF**2),
qEEF:GEE*(1 .-8.656*ETA F+7.31 _.kETAF_*2)*(1-ETAF**2)**.5
}{7:l[* (I .- 14.5*ETAF_*2+21 .*ETAF.k*4)*(I .-£TAF**2)'*:_.5
CBARF: TF+GSgF+,HF
gLRATI : (CBARCL+CBARF)*ETAF/2
ETA EXP: (ETAtJNG- SLRATI*ETA F*.5- (I ,-SLRATI)*RTA F)/( I .-SLRATI)
ETAEXP:ETAEXP_B/BE
ETAtlNF: (2,,kLARBP+I .)/(5°*(LARBP+I))
RLCP: ETAr.XP/ETA UNF
•qLT "TT:((Wq- o5*t#U) * NZ+L:I )
SLI :RLT;T*(I .-gLR_TI)
•ql,2: D P.LP*.q EXP
_L=.qLI
IF (SLRoGT.SLI) RL:gL2
Rq?I:RLCP* (£L/_;.)*,"qE/(2. :,kCfi.qT),k (2 .*LAI"!,RP+I ,)/(LAMRP+I .)
IF (J.E,O.3) ]:',qYI:a*RRM
TC3: CB*R 3,qPC/20
PF: RP.'V (T F_C F*PTR XF*. g)
TCr'_IE:TCR/(RH2*I 44o)+PF/FA
;TR _ ' :2*P _-**R*R _.qPR/( EMRDII*TC _V-":*T F*. R)
TRIRF:TCB/(]{H?_Iaa.) +RRr,I_IIFA
TA,qTF: g 7.5*}),3 :_* i 2/(3,1 a I g*:*R*g_'!?Dll*PTqX E,',=CF:,kI 2*RBRPC)
IF (T?:£TF.qT,TRI-_T) TRI_F:TRRT7
TRIT3T:TCB/(R,_IF*I 4/,)
',.Q I q F: F,'7{"*T R I: 7*T F*C F*PTq XF,. 12
L_;_I3T:g:T[-_kTp IRT"<TT*CT*PTRXE*I2
:,;S ',,/P XP:. 05 q_ ( AB_ ( qL,k. O01 *,qI N (THETA/5 7.295R) *RF,/( C _ST,kT F/12. )
q( l ) :?.*Cq*.qTXg
g ( 2 ) :5,. *Cq* ,qT3 r,
q(,3) ::;I}T"_](P*BE*RB,'I* ( I .+LAMRP)/(FA* .8*TF*(2.*LAMBP+I .))*I 44.
,q (4) : ,2}{ 7";2,'-' '1:,2 .*C q,.qT*qC T* 144 o / ( FA.. 8.T F)
T C- T,2,* ( I - ("1 - ";)*qLP 1 *2/'q E)
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29_000
299000
300100
300500
30 !000
302000
503000
304100
30_500
305000
305500
306000
308000
309000
309500
310000
311000
312000
313000
3! 4000
315000
316000
3! 7000
3! 8000
320000
521000
322000
323000
324000
325000
32(_000
527000
52._000
329000
330000
33 ] 000
332000
333000
334000
"150
_PP:TC/TF
K;_PP:2*((I ,/(!,-"_='P))+MPP*ALP_G(MPP)/(I-MPP)**2.)
}("IC:AL?C;(_IPP)/( I'IF'P-l. )
LI: (_LPI-BCT/2)/C_qT
_I_ELI :I_T{_* r,/cI* I_Z*RL l**2* 144. * KMPP/( FA*. 8*T F)
WIRE'.LI :tJREL l +R}lg*;C I * NZ*q LI *l 44. *C _ST*BCT/( FA*. F_*TF)
W,R_L1 :;rRFL I+R}{_*WC! *'qZtBL I* 12 ./TAIl
T C: T,':*(l- (!-_) *nLP2*2/_ E)
,*?P-TC/T F
K _PP-2.,(! ./(I- _IPP)+_PP*AL_(_PP)/(! .-_PP)**2)
B L2: (_LP2 -3 CT/2 )/¢,ff_T
_/REL?.: _}{'l*'!C2*NZ*B L2..2, !44 .*KMPP/C FA*. 8*T F)
_J/RE'I2: WR £L?`+RII2w,WC2* _JZ*9L2* l a4 ..C PIST.BCT / (FA.. R,TF)
VR EL2:'JR FLfi+R _{_w,WC2 • NZ, i3L2* 12./TA If
,rC'¢,:4. *R}{_*C_ I*_CMI *l 44.}ir,Ic/(rAt. _*TF)
_,!q_ F_L:(-LY_EL !-_,,'R£L2+ WC ',I)
(5) :12,,RH_,BF,/C_qT,(2.*C_*(._,TF,(! .+MP)/2.)**2
&+T ,"IIfJ,(. ,'3*TF, (1. +_IP)) )
G(6) =2.,C_,.IR*TF,_cT/! 2.
G(?) :2.*R}(_*RBM* l _./TAU
IF (J.LZ.2) G_ T_ 100
tiC't):G(7)*.5
G (8) : ('_RI_ F+_R I_T )/ (2*RR_PC*C g_T)*F_ EL 12
G(9) :@R IBF/(RBSPC) *BCT*I 2
GC l O) =(_( l )+G(5)+_(5)+GC?)+G(B))*O. l
GCI I)=CGC2)+('I(4)+G(6)+G(9))*O.I
G(12) = .l 4ww.ql"l_E
G C13 ) =, 1 4w,S'I'BC
G( l 4)=o10*GC3)+°20*CG(?)+GCF;))
G(i 5) :.! O*G(4)+._O*G(9)
G(! 6) :G(1)+_(3)+G(5)+G(7)+(3(t=I)+G(IO)+G(12)+G(I 4)+_rBRZL+_S_PK
G(I 7) :G(2)+GC4)+G(6)+G(9)+G(I J)+G(] 3)+G(I _)
G(l_,) :.2_*G(16)
G(I _) :.25,G(1 7)
G(_O) =G(I G)+G(I 8)
G(21 ) :_(l 7)+0,(l 9)
G(22) :3(20)+G(21 )
RETIIK?]
F.r_q
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3.2 Develop Body Basic Structure Model - The body is the largest individual
weight group in the Orbiter, contributing between 20 and 30 percent of the inert
weight. It is also the group requiring the greatest development. Although con-
structed with conventional materials and techniques, the cargo door, running the
full length of the center fuselage, precludes a normal monocoque approach and
increases the seriousness of torsion.
3.2.1 External Loads - The first subtask was to set up a viable loads model
capable of predicting the critical cases. This model duplicates, as accurately as
possible, the design loads for the Orbiter fuselage. The primary constraint in
setting up the model was to minimize the input parameters. To accomplish this,
three basic assumptions were made:
i. statically determinant reaction between the Orbiter and the tank.
2. single-condition critical loading with the exception of torsion.
3. torsion decreases from the maximum,at the aft reaction point,to zero
at the forward reaction point.
The following work develops the load model used in sizing the body basic
structure.
Figure 3.2-1 depicts the basic load model set up to derive the interstage
reaction between the Orbiter and the external tank. Vertical loads only are
assumed taken at the forward attach point,and both vertical and longitudinal
loads at the aft attach point. With these basic reactions known,"simple beam"
shear and moment equations are written for the center fuselage.
Variables considered in this evaluation are:
i. Orbiter ascent thrust, including number of engines, thrust level, factor
of safety, and thrust vector angle.
2. basic Orbiter geometry, including fuselage lengths and width, along
with the location of the interstage reactions.
3. an estimated Orbiter liftoff weight (OLOW) and its cg location with
the vertical and axial load factors corresponding to the design condition.
Figure 3.2-2 illustrates a typical design load envelope for an Orbiter as
compared to the approximated envelope as defined by the load model. As noted in
the design envelope, the post-SRM burnout condition is the designing factor for a
large portion of the fuselage. This is the condition approximated by the load
model,and the resulting moments are within +__5percent of the design envelope for the
fuselage center section.
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THE FOLLOWINGEQUATIONSARE SIMPLE STATIC SUMMATIONOF FORCESAND GIVE THE
RESULTING INTERSTAGE REACTIONS.
Z MOMENTE) R1 = FS * OLOW* NX * HO+ OLOW.* NZ *(LI - LO) * FS
- FS * PcosAOI * HV + FS * Psin AOI * (LI + LV)
X MOMENTSO R1
R2 =
LI
_'MOMENT Q R2 = FS* Pcos AOI* HV - Psin AOI * LV* FS
- OLOW* NX* HO* FS+ OLOW* Nz* L O* FS
Z MOMENTOR 2
R1 = LI
RL = P*FS*COSAOI-OLOW*N X*Fs
FIGURE 3.2-1 LOADSMODEL
With a large nonstructural cargo door,torsional bending becomes a factor in
estimating the basic fuselage structure. Assuming the maximum torsional load is
defined by the max _ condition (ascent side wind), an approximation can be made
q
by taking the vertical tail design load as a moment about the fuselage shear
center. This moment is then reacted by differential bending of the fuselage side
panels as depicted in Figure 3.2-3. It is assumed that the torsional moment
degrades as a straight line function from the aft to the for-ward interstage.
The torsion load is induced by the max 8 condition and is not concurrent
q
with the post-SRM burnout condition defining the maximum fuselage bending loads.
Consequently, the side panel _ resulting from this condition must be checked
against the bending-deslgned side panels and delta increases added, if applicable.
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FIGURE3.2-2 TYPICAL DESIGNLOAD ENVELOPE
The simple beam shear and moment equations are easily developed from the
preceding assumptions and resulting interstage reactions.
Shear
V @ R 1 to (LI-LO) = R I
V @ (LI-LO) to R 2 = R 1 - OLOW * N * FSg
Moment
M @ x (x is the incremental location from RI to LI-LO) = R 1 * x
M @ y (y is the incremental location from the point (LI-LO) to R2) ,
assuming y is the aft interstage location(y = L_)
= R1 * (LI-LO) + OLOW * N * HO * FS + (R1 - OLOW * N * FS)y
X Z
Torque @ z (z is the incremental point from R 2 to RI) = (T -_i)z
3.2-3
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS
COMPUTER PROGRAM- FINAL REPORT
REPORT MDCE0746
VOLUME I
28 FEBRUARY 1973
/ //
/_ /
/
/ // hs
-/..4 I
/ INDUCE D SHEAR
.. = -_-= q
FIGURE 3.2-3 TORSION MODEL
A loads test case was run, based on the relationships developed on the
previous pages. The primary critical condition for the fuselage center section is
at post booster (SRM) burnout. This condition couples maximum Orbiter thrust with
the minimum axial load factor, thus maximizing the interstage reactions and the
induced Orbiter load. The design loads are defined by the Space Program Informa-
tion Note No. SIE-LOADS-I (Reference K), dated 7 June 1972, and documenting the
MDAC loads from the proposal activity. The resulting interstage reactions develop
a calculated forward Interstage load of 199,200 ib,or 2-1/2 percent over the reference
design load, and an aft vertical interstage load of 447,000 ib, or 3 percent over the
reference design load. The aft interstage drag load results were not nearly as
satisfactory with a calculated load of 1,654,000 ib, or 20 percent, under the reference
design load. As this drag load is not directly involved in the determination of
center section internal loads, no attempt has been made to improve the correlation.
The following is the detail derivation of the interstage reactions.
Loads Test Case
Post SRM Burnout
Moment @ R I
OLOW * NX * FS * HO + OLOW * NZ + FS + (LI-LO)
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- FS * P _ COS AOI * HV + FS * P * SIN AOI _ (LI+LV)
OLOW = 204,000
NX = 0. 808
FS = 1.4
HO = 129
NZ = 0.239
LI = 997
LO = 324
P = 470,000 _ 3 = 1,410,000
HV = 140
LV = i00
AOI = 13 deg
Substituting and solving
= 4.456 * 108 in-lb
4.456 _ 108 = 447,000 ib vs. 434,800 ib
R2 = 997
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Moment @ R 2
FS * P cos AOI * HV - P sin AOI * LV * FS
- OLOW * NX * HO * FS + OLOW * NZ + LO * FS
Substituting and solving
= 1.986 * 108 in-lb
1.986 , 108 = 199,200 ib vs. 205,950 ib
RI = 997
3.2.2 Internal Loads - With the interstage reaction known, the next step is
the determination of the internal loads. Two points are checked for analysis
purposes, these being the forward and aft end of the cargo compartment, presuming
these are the points of minimum and maximum moment respectively, with a constant
gradient between the two points. Again, the reference for internal loads is
the Program Information Note. The calculated moment at the forward end of
the compartment is 50 * l0 b in-lb, and is essentially identical to the design
moment. The moment at the aft end of the compartment is 207.1 * 106 in-lb, and is
6 percent higher than the design moment. Similar results were determined for panel
shear with the exception of the aft end of the compartment, but the overriding
torsion condition is the critical case and produces viable results. The following
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is the detail determination of the simplified internal loads:
Bendlng Moment Test Case
M @ 570 = R I * X
X = 570 - 318 = 252
M = 199,200 *252 = 50.2 * 106 in-lb vs 50 x 106 in-lb
M @ 1320 = RI (LI-LO) + OLOW * NX * HO * FS (R I - OLOW * NZ * FS)Y
= 199,200 (997 - 324) + 204,000 * 0.808 * 129 * 1.4
(199,200 - 204,000 * 0.239 * 1.4_ 324
= 207.1 * 106 in-lb
vs: 195 * 106 in-lb
REPORT MDC E0746
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Shear Test Case
Shear @ 570 = R I
= 199,200 ib
vs: 205,000 ib
Shear @ 1320 = R I - OLOW * NZ * FS
= 199,200 - 204,000 * 0.238 * 1.4
= 130,900 ib
vs: 270,000 ib
Torsion Test Case
Torque = PV * HS
P = 447 Ib/ft 2 ult * 450 ft 2 = 201,000 Ib
V
h = 0.4B + hF - hS SC
B = 332
h F = 280
h = hL = 205/3 = 70sc /3
h L = 205
h = 0.4 * 332 + 280 - 70 = 343
S
T = 201,000 * 343 = 6.88 * 107 in-lb @ 1321 (aft end of cargo bay)
T = 0 @ 570 (fwd end of cargo bay)
For analysis purposes, the body basic structure is broken down into three
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(i)
(2)
(3)
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the forward section,which includes the crew cab and all structure
ahead of the cargo compartment,
_e center section,which is the full length of the cargo compartment,
and
the aft section,including all thrust reaction material aft of the
cargo compartment.
The following is a generalized nonoptimum factor included in the analytical models
for the fuselage basic structure weight.
ASSUME,5%ATTACHMENT 5_;
IDEALIZED STIFF SPACING, HEIGHT & THICKNESS 10%
BASICSKIN GAGEMILL TOL +005 8%
M!SCSTG'R CLIPS, SPLICES, ETC S'_;,
28%
,,.,..,..
3.2.3 Forward Section - The forward section is separated into five com-
ponents for the purpose of weight estimation. These components are the basic
shell, pressurized cabin provision, windshield provision, nose landing gear
provision, and a miscellaneous weight input.
The basic shell is treated as a pure function of surface area; WT = K * SFW,
where K is the shell unit weight,and SFW is the wetted area of the forward section.
While not as attractive an approach as an analytical method, it will account
for the known features of the baseline design. Applying the data from the NR-ATP
Weight Report, Reference L, the shell unit weight becomes 2.8 ib/ft 2. It Is
assumed that the basic shell accounts for skin, stringer, frames, minor bulkhead,
hatches, doors, and basic load reaction material.
The crew compartment is likewise treated by empirical relationship. The
weight is derived by a modification of an existing equation in the MAC 747, Weight
Estimation Handbook, Reference Q. WT = K(Vc)O'78(I+Pc )0"35, where V c is the
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pressurized volume of the crew compartment,and P is the ultimate pressure
C
differential. The multiplier K was 1.54 in the original equation,but curve fits
to 3.08 against the NR-ATP baseline. It should be noted that the original multi-
plier was for relatively small cockpit volumes with relatively high leak rate,
while the Shuttle has a large volume, very low leak rate requirements, and rather
stringent fail-safe requirements. With this in mind, doubling the multiplier to
the new curve fit seems reasonable,and the equation becomes WT = 3.08(V )0.78
C
(I+P)0.35 and is assumed to include the entire pressurized compartment with the
c
exception of window provisions.
The weight estimation of windshield provisions is based on Timoshenko's flat
plate analysis. Roark, Reference C, presents this relationship in simplified
terms.
0.75 AP b 2
FTU=
t2(l+l. 61 3)
where
FTU is the ultimate material allowable,
Ap is the maximum pressure differential,
b is the maximum dimension of the plate,
t is the thickness, and
is the plate aspect ratio (width/height).
The windshield panels on the baseline orbiter are approximately square, simplifying
the relationship
b 2 is approximately the area of a panel,and e is approximately equal to i.
The equation thus becomes
0.75 AP Sw
FTU=
2
t * 2.61
and
.0.75 AP Sw. 1/2
t = t 2_i" FTU )
The panel weight is then
.0.75 Ap Sw)I/2
WT = p * Sw £ _fFTU
It is assumed that the window panels are fused silica with an FTU of 6800 ib/in 2
and a density (0) of 0.08 ib/in 3.
The windshield sill weights are based on a point design unit weight of 0.5
ib/in of sill. Again, assuming square panels for deriving the circumference, the
total sill length becomes (Sw) I/2 * 4 * Quantity, and WT = 0.5 (Sw) I/2 * 4 * Quantity.
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3.2.4 Center Section - The center section estimation model shown below is
based on the assumption of a longeron type design with all bending loads
being carried by the longerons,and shear by the side panels. In addition,the
side panels carry the distributed torsion load in differential bending. The
allowables are derived by the shell program which models a single-faced corruga-
tion as a weight estimation tool (Appendix A). This allows consideration of
material properties dependent on alloy and temperature as well as on frame spacing.
The analogy to the shell program is that the longeron supported by frames is
similar to the beam column with semifixed end conditions, i.e., one side fixed and
one side pinned. The center section model is shown in Figure 3.2-4.
Basic Shell - The following is the initial test case for section cuts on the
MDC Phase C/D proposal Orbiter. The results indicate the current model would
predict a section at the forward end of the cargo compartment approximately 15
percent lower than ideal detail design results, and approximately 8 percent lower
at the aft end of the compartment.
SHEARPANELS
LONGERONS
FIGURE 3.2-4 CENTER SECTIONMODEL
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Test Case - Section Cuts
FS 1321 - Aft end of Payload Bay
Material 2024 T86 Temp 70°F P - 1.4 ib/in 2 ult
Frame Spacing = 20 in
FA = 69,000 ib/in 2 False allowable from shell program
TAU = 22,300 ib/in 2 Shear allowable from_shell program
HL = 210 in Height between upper and lower longeron
B = 216 in Body width
M 207.1 * 106
P = HL = 210 = 0.985 * 106 ib
P _ 985000 = 14.3 in 2
AReq'd - FA 69000
2
Z Area (upper & lower longerons) 2 * 14.3 = 28.6 in
q _.
t min = 035 - input for shear panels
V = 130,900
V _ 130_900
210 = 623 ib/in
T = 6.88 * 107 in-lb
T 68.8 * 106
q = BHL 210 * 216
t = 1520 = .068
22,300
= 1520 ib/in
x-sec = q * (B + 2HL)= 0.068 (210 * 2 + 216)
2
= 43.3 in
2
Total Area = 28.6 + 43.3 = 71.9 in
Section at FS 570 - Fwd end of payload bay
Material Propertie_ - Same
M 50.2 * lO w
P = H_ 150 = 313,000 ib
A - P = 313,000 = 4.5 in2
req'd FA 69,000
2
Z Area = 9 in upper and lower longeron
t min = .035- input -
3.2-10
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V = 199,200
= 665 ib/in
q = 150 x 2
t = q_ = 665 = 030 035 min
tau 22,300
2
x-sec=(2 * 150 + 216) 035 = 18.1 in
?
Total Area = 27.1 in
Frames - Intermediate or nonmaJor load redistribution frames have long been
a problem in the area of weight estimation. For circular sections, Shanley
(Reference D), gives quite satisfactory results by solving a spring analogy to
prevent general instability. An approximation of this method was tested, using
the maximum dimension, fuselage height or width, as the effective diameter, and
solving for the section modulus required to produce the required spring constant.
MD 2
EI = Cf L
2
I = moment of inertia - 2 AcDf
4
Df = frame depth
Cf = experimental constant = 1/16,000
M = maximum moment
E = Youngs modulus
L = frame spacing
D = diameter
A = area per capc
Substituting and solving^for area
z
A =Cf NI) ,2
c L 2
Df
Assuming a balanced frame with the web equal to one third the total cross sectional
area MD 2
x-sec = 6 Cf 2
LDf
Substituting values for the variable and solving for area
2
x-sec = 0.475 in
This value is 20 percent lower than the theoretical point design which is
redistribution of the differential pressure. Although this instability criteria
3.2-11
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS
COMPUTER PROGRAM - FINAL REPORT
REPORT MDCE0746
VOLUME I
28 FEBRUARY ]973
is not the critical case, this analysis is maintained in the final program as a
check against large bending moments.
Figure 3.2-5 shows a simplified frame model set up to duplicate the pressure
critical design.
Assuming the sides are modeled by the criteria of one end fixed and one end
pinned, the moment equation is
pB 2
M = --
8
Similarly, for the bottom, assuming both ends fixed, the moment equation is
2
M = Pb
12
where: M = derived bending moment,
P = ultimate differential pressure,
hL = frame or longeron height per loads model,
B = fuselage width, and
FA = shell program resulting allowable
Solving for area the equations become:
ph 2
Side A =
¢
8DfF A
pb 2
Bottom A c = 12DfFA
fl I "--
h r
I
I
J J J J J)
÷
BREAKINGTHE FRAMEDOWNINTO SIMPLIFIED COMPONENTS
FIGURE 3.2-5 SIMPLIFIED FRAME MODEL
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Maintaining the relationship of a balanced frame with the web equal to one
third the total section and sizing to an ultimate differential pressure of 1.4 ib/in 2,
the cross sectional area becomes 0.56 in 2 and is 3 percent lower than the theoreti-
cal point design. This simplified model will measure geometry and differential
pressure, and when coupled with the resultant allowables from the shell program,
considers material properties.
Special increments are required to complete the center section. These are
(a) the bulkheads at the forward and aft end of the cargo bay, (b) payload reaction
provisions, (c) wing carry-thru structure, and (d) wing shear tie provisions. In
addition, secondary structures, consisting of the cargo doors and their associated
mechanism, are included in this section.
The bulkheads at the forward and aft ends of the payload compartment are
assumed to be sized for the critical load of interstage reactions. The estimation
model is based on the principle of redistributing a concentrated external load
into the basic structure as shown in Figure 3.2-6. The concentrated load is
assumed to be reacted by a "shear beam" type bulkhead with the web sized to the
derive_ shear flow and the caps sized on redistribution material. As with the
basic shell, the shell program is utilized as the structural element model.
t q I
t
J
t
HF
WEB SHEARFLOW
q = P/2HF
WEBT : q/TAU
P
WT --- p* *
2HF
I • BHF : P * P
TAU TAU 2
AUG CAP LOAD P/2
AUG CAP AREA P/2FA
TOTAL CAP LENGTH 4 HF + 2B
, P ,
WT = p (4HF+2B)
2 FA
FIGURE 3.2-6 TYPICAL BULKHEAD MODEL
* B
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The payload reaction provisions are an input weight predicated on the number
of reaction points. The weight increment is based on the following detail
derivation shown in Figure 3.2-7.
P
I
THE LOAD TO BE REACTED, P, IS DEFINED AS50%OF THE MAXIMUM
PAYLOAD (65,000LB) ACTING UNDER A 2 1/2 gMANEUVER AND A ].5 FACTOR OF SAFETY
P = 1/2 * 65,000" 2.5* 1.5 = 122,000LB
FIGURE 3.2-7 PAYLOADREACTION
Sizing the frame caps to transfer the load into the sidewall gives the follow-
ing weight:
P
--* 1/2 = average cross-sectional area per capFAU
122,000
* 1/2 = 0.89 in 2
69,000
2
Weight = 0.89 in * 210 in
Average shear flow becomes
122,000 ib
95 in - 1280 ib/in
and t = --q--= 1280 = 057 in
Tau 22,300
per cap
* 0.i ib/in 3 * 2 = 37 ib for both caps.
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The sidewall skin must be increased to accept this local shear input.
Assuming a 20 in frame spacing, and the load being applied on two bays, the weight
increment becomes :
1280, 2 * 40 * 210 * 0.i = 48 ib
2 22,300
Summarizing,
caps 37 ib
web i0 ib
skin 48 ib
Total = 95 ib per reaction point
Assuming three reaction points per payload configuration to maintain fully
determinant status, the total weight increment becomes 3 * 95 _ 300 ib,and the
vehicle penalty becomes 300 * number of payload positions, assuming all axial
loads are carried by the existing longeron structure.
The wing carry-thru structure is derived by the wing aerosurface routine and
listed under body center section for consistency in reporting.
The wing shear tie provisions are derived by an empirical relationship
defined in the MAC 747 Report, Reference Q.
.SPAN ) , 10-2
WT = 0.8 (WgNz) [c--_--s8
where Wg * Nz is the ultimate total wing load,and 8 is the sweep angle at
the 50 percent chord.
The center section secondary structure consists of the cargo door and its
related mechanism. A comparison was made of the details composing the NR-ATP
baseline and the MDC Phase C-D proposal cargo doors. The weights were adjusted
for area and double doors versus single door with the following results:
NR MDC
Door Structure 4486
Basic Shell - 2800
Hinges - 1360
Sealant - 250
Electromechanical 556 660
Total 5042 ib 5070 ib
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It is readily seen from this comparison that, for a lightly loaded structure
such as the cargo door, a unit weight approach is quite reasonable. Therefore,
with the basic shell a function of area, the hinges, a function of bay length and
quantity of doors, and holding the electromechanical system constant, the relation-
ship becomes :
Basic shell
Hinges and sealant
Mechanism
= 1.585 * (SCD)
= 1.415 * (LCB) * (Qty)
= 660 ib
3.2.5 Aft Section - The aft skirt is separated into the following basic
structural elements, plus a miscellaneous weight input to account for such things
as equipment bays. These structural elements are: the sidewalls, longerons,
frames, thrust structure, and the vertical tail provision.
The sidewalls include the skin and stringers and are sized as a unit weight
times the surface area. The unit weight is the same as that derived for the center
section and is predicated on direct shear, torsional shear, or the input minimum
gage.
The longerons are sized as a continuation of the center-section longerons
and taper in cross-sectional area to zero at the end of the fuselage.
The frames are sized identically with the center section frames, that being
to react to the pressure differential with a check against general instability.
The thrust structure is weighed as three separate allowances. An engine
adaptor fitting is included as a constant weight times the number of engines.
The adaptor weight is based on a point design analysis. The final two allowances
are direct thrust reaction material. The thrust posts are weighed as column members
reacting to the direct engine thrust. The column length is predicated on the
relative location of the composite thrust vector and a material allowable is
derived, based on an assumed Euler column, giving aluminum an FC _ 40,000 psi.
In addition, a gimbal plane bulkhead is weighed, using methods identical to those
for the interstage bulkhead but considering the thrust vector for the design load.
3.2.6 Symbols - The following symbols are listed in Fortran language as
they were used in the derivation of equations and in the body weight program.
Figure 3.2-8 depicts the location of the fuselage sections and some of the primary
symbols.
For convenience, the material allowable symbols are listed separately for each
section of the vehicle and for the element they represent. The numerical values
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FWD
SECTION
f
FWD
INTERSTAGE
CENTER
SECTION
LI
L$
/
_ __ AFT
- - SECT ON. I
AFT
INTERSTAGE
FIGURE 3°2-8 LOCATION OF FUSELAGESECTIONS
of the allowables are taken from the "Shell" program in the Appendix, and allow
variation in type of material or temperature environment for each element.
CONFIGURATION DEPENDENT VARIABLES
SYMBOL UNIT
A_I deg
B in
DELP ib/in 2
DFAC ND
FNG ib
FS ND
HF in
H_ in
DESCRIPTION
Angle of intersection of the composite thrust
vector and the center line of the propellant
tank
Average fuselage center section width
Ultimate pressure differential In the center
section (vent lag, external, etc.)
Dynamic factor on ascent engines
Ultimate design load on the nose gear strut
Factor of safety at the critical condition
Average height of the center fuselage
Height of the orbiter lift-off weight CG
above the aft interstage attach point
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SYMBOL UNIT
HL in
HTV in
K1
K2
K3
K4
K5
K6
K7
LFS
LI
e¢
LNG
LTV
lb/ft 2
ND
ND
ib
ND
ib
ib
in
in
in
in
in
CLCWT
OLAWT
NX
N Z
PC
PV
Q
ib
ib
ND
ND
ib/in 2
ib
ib ft 2
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DES CtIPTION
Average height of the cargo door sill above
the fuselage bottom
Height of the intersection between the com-
posite thrust vector and the engine gimbal
plane above the aft interstage attach point
Unit weight of the forward fuselage shell
Number of payload "tie down" locations
Cargo door indicator; 1 if hinged on one side;
2 if hinged on both sides
Center section miscellaneous weights input
Number of ascent engines
Aft section miscellaneous weight input
Forward fuselage miscellaneous weight input
Average center section frame spacing
Length between the forward and aft interstage
attach points
Length of the orbiter lift-off weight CG forward
of the aft interstage attach point
Extended length of the nose gear strut
Length of the intersection between the composite
thrust vector and the engines gimbal plane aft
of the aft interstage attach point
Orbiter lift-off weight - estimated
Orbiter design aircraft flight weight - estimated
Axial limit load factor on the orbiter at the
critical condition
Vertical limit load factor on the orbiter at
the critical condition
Limit operating pressure in crew compartment
Ultimate design load on the vertical tail
Maximum dynamic pressure on the orbiter
3.2-18
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-EAST
DEVELOPMENT OF A WEIGHT/SIZINGDESIGN SYNTHESIS
COMPUTER PROGRAM - FINAL REPORT
SYMBOL UNIT
SAW ft 2
SCD ft2
SFW ft 2
2
SND ft
2
SW ft
THETA deg
TMIN in
TV lb
VC ft 3
VTB in
WB ft
WNZ ND
X in
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DESCRIPTION
Wetted area of the aft fuselage
Area of the cargo door
Wetted area of the forward fuselage
Area of the nose landing gear doors
Total windshield area
Wing sweep angle at 50% chord
Minimum thickness (t) of the center section
side panels
Ascent engines vacuum thrust per engine
Volume of the pressurized crew compartment
Vertical tail span
Wing span
Ultimate aircraft flight mode vertical load
factor
Length between the forward interstage attach
point and the forward cargo compartment
bulkhead when the attach point is fwd of the
bulkhead
Longeron
FAL ib/in 2
RHOL ib/in j
Shell
TAUS
RHOS
Frames
FAF
RHOF
EF
ib/in_
ib/in _
Ib/in_
ib/in_
ib/in _
MATERIAL DEPENDENT VARIABLES
Material false allowable from shell program
density
Material shear allowable from shell program
density
Material false allowable from shell program
density
Modulus of elasticity
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Bulkhead
FAB ib/in 2
TAUB ib /_n _
RHOB ib/in3
Thrust Post
ET ib /in 2
RHOTP lb/in 3
Gimbal Plane Bulkhead
FAPB ib/in 2
TAUPB lb /in z
RHOPB ib /in.)
Material false allowable from shell program
Material shear allowable from shell program
density
Modulus of elasticity
dens ity
Material false allowable from shell program
Material shear allowable from shell program
density
3.2.7 Test Case - Table 3.2-1 is a listing of a typical input file for the body
structure weight program. Lines one through ten represent all of the required
inputs,and the case listed is the NR baseline Orbiter with the results and typical
printout shown in Table 3.2-2. Lines 12 through 14 represent changes to this
basic file necessary to run a different configuration. In this case, the vehicle
represented is the MDC Orbiter. The output for this case is listed in Table
3.2-3. The results of these two test cases compare extremely well with the
adjusted body group weights of the reference vehicle. The NR run indicates a body
weight of 31,693 Ib versus an adjusted reported weight of 31,547 lb. The weight
was adjusted by deleting the wing carry-thru weight and the radiator hinges for a
direct comparison. The MDAC run produces a body weight of 32,962 ib and compares
to a calculated weight of 32,500 lb.
3.2.8 Program Listin$- Table 3.2-4 is the listing of the body structure
weight estimation program. This program is completely self-contained and can be
used for comparative studies. Minor differences exist between this basic program
and the body model in the ESPER program. _ny of the input variables are derived
in ESPER and need not be an input or are already input for a different model requiring
the same data. An example would be vertical tail data used in the body for calcu-
lating torsion. The loads and geometry would be inherent in the vertical tail
model.
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TABLE 3o2-1
INPUT FILE
1.000 APT= 15.,YTV: IOO.,LTV=I55.,}'_= I IO.,LR:?75.,LI:747.
2 qR_ _X:.R,_JT: _ TV-a?_O,q.,FS:I•a,PL_4T:937655 VT_:300
• - ' o_ t -- • t •
_ PV:_O?5OO _F:P5_ HL: 145.,B:205 .,"-O.,FI :P.R_" #' • P'' • t ' --
/, Or_,q g Fb#: 127_ VC -_
. , -_,912 ,PC:I4.7,r_:650 ,SND-30 ,_,F'q" llmOOO
• • p u. ,_S:. 15._,0_ L,_JB:77.,FAL:6900O.,TAU.R:2230O.,T_!III: 035,RH._L: I, . .
_qOC, EF:IO,3OOO,O0 ,l. Fg:?fl ,DELP:I.4,RH_F: I,K2:4 ,Y_,:2 F,4-O
7. OOO SCD:1764 . ,gA'd::_09., DFAC:I .3 , ET:I03090CO • ,RH_'TP: . I
. .n,_O RH_,PB:.I ,_5:3. , _: 120. , _,LA_T:2 15000 ., WNT:3.75.W?:_4.,T _'_v^-..... .... lC.
_ 900 FAFzgOfiO ,FAB:_9000 ,_u"g.... ,:_.. :.l,YT:O
P:_:?.-.,,00.,IC.O00 TAIJB:22300., FAPE:69000.,T#_U " _ SI,;:41.6 Y7:0.
11 .000 *
12 OOm ATI:IS ,ETV_'zI3R ,LTV:105 ,v_'-l_'r' kg:?15 LI:IOPD
13 g_q VTB-330 ,ur-_=O HL:I70 _-_39 RFI,I:II6? ,_c-2Sla
• v:p75. Y3:I.I_.0_0 FCD:I500.,,_AW:I491 ,, __ ,
15.0OO *
--r_F _IT AFT _''_,_ 15.
:k
TABLE 3°2-2
NR BODY GROUP
PRY GR_IIP 3 1 _93 •
#
f
F JD CTR AFT
B_FIC _ TP'Ir"T'D E
! P"" LL9
L_;GEP F"IF
FRA r-_
[_UI.XEEADg
CREW/ CPT. PR:,_V.
'_I_iDFEI ELD PR?V.
NgSE MEL. ,ELL PRSV
PAYLOAD _EACTI_':.,,,
WING C_RRY THRU.
_'I ;_'G SHSAR PR._V.
THRUST FTRL'CTUR E
TAIL PR_V. •
357_.
5124.
IS_7.
225.
3a61. 1417.
loft5. 40_.
143_. 102g.
l17g.
1200.
550.
SUB T_TAL 10614. mR_._. • 7001•
SECC' _DARY STRUCTURE
CAR_? D,,_,_R SHELL
C_RG_' D,_RR YECF.
?Te_;.
22 7"*.
O.
13_5_.
MISC.
TP}TAL
120.
7121.
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BODY GROUP
?aS!C FT7'!;CT'!? E
SI _E_:# LL, e
FR A YES
P'JLK_ EAPS
gV :q',: CPT ........
"'I':2TFI-LD ?29'I.
!;eeE 'eFL. WELL P_?V
P_VL. AD ogaCTIe,j
Wl ,';G CA>-": v TFR11.
W!:!C .<FLAP P_'V.
TERIjS T o'_UCTURE+ . _,.i
TAIL PR2V.
_U£, T,,T# L
% EC?.NDAP,v STSUCTURE
C/_PG_ D_Pa eL'ELL
CARGR D2,'_ _'-_CU• .... J, •
TABLE 3+2-3
MDAC BODY GROUP
FWD
3254.
4710.
1 "-8_/.
225.
9q75.
•
9_75 .
CTR
3555.
2252.
2 15e:.
1096.
1200.
550.
10_'22.
2377.
1485.
O.
146;65.
32992.
AFT
2337.
6_9 ,
1402•
9502.
120.
g422.
". Iq,q
1 .qnq
7. _:'C'
/4 i,',,
:_.P ?q
/_._,O,r
.590
_.7¢n
•_ .'CO
5.900
7._0'2
7.500
TABLE 3+2-4
PROGRAM LISTING
SF! ":Eg
I "PL ICl _ _c_l+(^ ",)
! :"T _:T'_,LT" u+ , _, LI,"""
' p ' " 9" 9 _+ 9 ' / t
p,t/T?. ,P"/,HF L'l,,:",v
' Vl CF'r, VC 'C _ _',,n F",]SL_"_
z' FA_ T"T" _::_' r'u'_c TAUe
5,_F,LFS,P._'IP. . ,FA_,'_F_r,T_l!_
g_,R UC F, ES, FW, VT, TV
7,vz ya, _"., .C D, g_ F
q f#!-! FA, .. TA',tP q
_'-,:_'--AC,,ET,r_U_Tp,., ,?' 'P".,, ,}<_.
,_, Y _, 'LA'.-/T, ',",. , ,,,r_, TUFT A
r', ^ _
, _,I+L L " ' Fe ET (99e v"'F)
I ':?!;T(I)
"'."!:7"!TCgLCULATIg"IF DIIE
P:TV'*Y5
"" "_ FF _'1 ?!'T
TO' !qTE?STAGE oEAOTI'_:F
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2 ,_eO
? ._99
TV) )
F(-')
ll.n09
12 ._07
15.09P C
I7.flPfl
l¢.fl_? C
le .Qgo
20.009
o 1 . p,'_ "
"" n'_8 C
?3.090
F'_.Olfi
?_,q?n
2_.lno
2 ,',r,
2,_.300
27.n0_
? -_.(_0')
?_ .?00
?".J _0
_2 2
31 ._qq
3P .F' C)n
73 .SO0
,,..J
.x_.O0?
J5.0_0
37 .OC_F)
3_ r_nO
z_n .000
41.900
42.00O
1t5.000
a3.1oo C
aa oO_n
TABLE 3.2-4
PROGRAMLISTING (Continued)
SMA'?I: (Ff:,_I._WT, NX*H:I)+(?LPtqT* rz* (LI-L_)*FS)
I-( F'_,P*C_?(A?I/5 7.2953)*HTV)+(F$*P,$I N(A?I/5 7.295":')* (LI+L
eNAR2:CFR, P*C_S(A_II/57.295":C),HTV)-(P, FIN(API/57 '_,_").1 T'_
I- (."L_WT* N×*HT*FS)+(¢LPWT* NZ*LP*FS)
P?zSMARI/[.I
,,I-CMAR21L!..
L: pw_Fg* C,-,e,( A q I 15 7. _.?5 "_) - ?L _I,!T* NX* F_
SFEAR CALCIILATI _N_
9_! TL-R l
.°LTR2-R l - _LC_WT, NZ* FF
vC',_K_T CALCULATI_,N e
vq 1 TL=R l*X
_'AI.TR2 =R IW_(LI -L _) +_ L_I,'Tw, _!X, P C'*FF
l + (R 1 - _LO'.VT*NZ* FS) • L_
T_ROIJE CAI.CULATI _N_
TR2 TR I=PV,k(.4*VTB+HF-(HL*HL/(?.*HL+P)) )
FWD SECTIPN b/EIGHT C_I.CIJLATIrff_
a l :1< 1..°. FW
G?-3. ORe VC_*. 7gw:( I .+2 .*PC,)*w( .35
FW: £qO 0.
PH. l_r.Flq
8t,I:2 .:*((. 75-3.*PC* 14a .*_!) I((_.*Fw*?. 61 ) )**.5*SW*RH _'4-I_a.
Gg-.5,_ (StVl6.)**.5w<2gg.
G3 : GW+GS
Ga= .33.(_**.3-_ ND
G5= .039.( FNG* .00 l* L_,]G)** o9
G _: G4+G5
GT=K7
Cg= GI+G2+G3+G _
C9= G_.+G 7
CENTER SECTION WEIGHT C:ALCULATIC'NS
PI.X=_ ITL/HL
PLY- _LTR2 IHL
AX=PLYlFAL
AY - PLY/FA L
G 1O- (AX+AY)* I.2_*RHeL* (LI -Y)
TBYT: (TR2 TR 1I(?*HL) )* (I .IT aUS)
IF'(TBYT.LE,TM!N) TBYT:TMIN
T_Y= (FLTR2/HL)*(I ./TAUt)
IFCTBY.LE.TBYT) TBY:TBYT
TBX=(_R! TL/HL)* (!./TAUS)
IF(TPX.LE,TMIN) T?×=TMIN
TBA VG= (TBY+TBX)/2.
G l 1 :T?A VG*(LI-Y)* (2 .*HI.+B )*RH _S* l .2q
CENTER SECTION FRAME CALCULATION
CF:I .I1 (_000.
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4 5 .C -r•
z6.OOfl
a7•090
4"_.o?n
50 .rno
51 •qO0
52 •_30
5a .gno
5Z,.l qe
95.090
55.109
55.200
5g.O00
7.20o
5_•000 C
gq•Oq_
<1.0oP
_-I.2 _
<5 0_0
S/:.000 C
£a .I O(" C
_:.IOn C
E_, qO_
':--•n< 9 C
79.00C
"I.O_C C
77.OnO C
7j.no _•
71_ oOOC
75 •000
7S.C00 C
77.000
2 .*? )
77.100
79.90_
_C .@90
• ,' d
--_gm?_ .CCO
=_ .ono
--_,'_.OqO
'='4.0 10
TABLE 3.2-4
PROGRAMLISTING (Continued)
P F:£.,O
XCFKR: (_. O×CF*_LT_2*9**2.)/(LF_* EF*,,'n,F*_? .)
WBff:"CTEC* (9+2.*EF)×"t',a,,, F/LFT
7XC_EC: (5 .*DELP*HL*HL*LFS)/(DF* FA F*_.)
P XC?FC: (_ ELP_*B* LF.<)/(4 .*DF*FA F)
',,Ipp : (RX Cg £C* ? .* HL+B X CR EC*B )*PF Z F/L Ft
IF(WSP.LE.WR'I,) W_P:WP, F
G 17: "P,P* (L !-")* I.?q
'- , v, _,_'TrO ,,:,_,TIP" nlL,,FE_D C_LCI!LATI _
GIS:'-'_''F*(:. ("- l/(2..*FA_))*(a..*wF+P.,F)
l+(P I*?/(9 •*TAt;U) ))* I .2"
GI_.:_F_n_((R2/(O.*F;_r_))*(a,__ . .*FF+9._)_ _
1• (R2_P-/(9 .*TAUg) ) )* 1.2 _
O 15: G1. +_: 14
G 1_: _12"5n0.
• = ...... ,I, . WI .... PRcVIFI"'.! CAI,CIJLnTI_
G 17: ._* ( _l.h!,IT* ._0 I*W"?)*(',,'rlCT_ (T'4ET_ I5 7.9_5 _ ) )* .P 1
| v: G IO+G 114-8 1 ?+G 15+C- 1 g+G 17
C"'!TE_ CqCTIT", D__°.,,., CAI.,":I'LATI_I
C 1c- 1 .5 "_*("CD
C:?S: 1 .0_* (l.I -")*Y_
9""e e:qRO+G21
GPJ,:K4
G2 a: G I R+G I e,+C2f+G?3
r_ 1 AC_t./ER C_',_,, l_,..,T!Pr':?
C"_ro,.. .e'-'E!,L,,, C#-LCULA T T ?,';
G?5:SAW*TSAVG*,RHT_*I44.*I.q*I z
C _xl_I &.. FR#"E ,,"#I.CIILATI'_
G2_:920 .*t49P* (2.*HF+2.'9)/(2 .*WL'a-9)* 1.9_* 1 .5
......... _c_,,¢, CA I,C']LATI _
GF7:II.*.v*,: L*.-.*1 2 1.3
_'9 ,-',, t',t_G *:,.=:5+GP_+G27
"I NFTFPIWT .,¢'TRUCT_IRE C_l....ILATI _,
TFP' c _'T• },.,
I.r:(I.TV** 2+" T',]**9)** .5
FTP:ET* .CgZem
g") _': ( ?1 FTP ) * L'E* RH gTF* P_F#_C.9
z - •
.... "'- , 1.,_ ,.-....,1.}<HmA r'
G39:RH OPT'* ((P*fl >0(# rl 15 7.2_5 = ) I(? .*FAP _ )*P FAC* FF )_ (4.
I+(_*"I"("_I/57.:, . 295_)*q/(2
, im . _ .
G3 1 : },',5"9 ,%0.
G52:G29+G30+G3 1
rz,s:Y._
G3'4:5.7*(PV*.OC l)** .g
G55:GE5+G2 g+G27+G_.P+G_ 4
G3 S: G35+G_3
G37:GP+G2a+G5 6
*TAUP) ) )'7.
*H F-.;-
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35 •000
36.000
37.00o
3(_.oo0
3_.0o0
90.600
91 .DO0
91 .FOP
91t.OOl)
93.0o0 lOO
94. DO0 _OO
_5.000 _
96.000
gT.O0o
9_ .000
9S. 000
! O0.000
1 O1.000
! 07_. 0o0
03. 000
104.000
05. 000
;O=.OOO
! 07. 000 400
]05.000 500
1 09.000 600
_ IO.O00
III .o00 6_0
i 1_.000 "TOO
]]3.000
I ] 4.000
115.ooo
I 16. 000
--_ 7 HI
I
2
b
4
7
!
2
TABLE 3.2-4
PROGRAM LISTING (Continued)
"r=(l:'_.. ,,:.,g:'),_:'I,,,II,_75,,::'I,C_,,:,....., , ' , -'
) ' ) " l
',:'_TT- (I 9_ 5_9)
,,_TT'-(1"_, _'_:,) C l _. , _'_,_
',"?ITq(l?,_.,Tqe) C_a 27a 2.7_
- )
• ' i BASICF_,"'T(/ _" 71C I _'' _,T..... :=" I _"
STOP
END
T AFTER 116.
F''":T(7 ", "'-'TF'_',!;.I.!.?',IO':,F'{"m m'" 71_
:a I,_ f" r) u,
,/,'_,X, ,) ....:'"'_-_. ,, ,: 5.,FI'_.C',5'',, Fl:'.,
/, .y 7.:, ,.,*-c. ,5 7] ,". g
/, 7)(',.."_'-".I._ CT_T... "-':_:'_I._. ,z_v.Fl? .g
/,"7 x ,T_"_u IcI.: _" -_:_:.. ,=Y, F1 _ _"
/,Tx, . .... .'.,._.....:' ,71_. :_
/,TX" ' /^,,I..':"_".,_< :,CTT.p'', ,., _'", _'I",."
/, 7)C, "I.,- "C F':. "_': T}{!_',_.
/,7X, ':I'"_ _"_'^" "'_'_' 1 "_v ,'I_._
• I ) ,, )
. C', 5", 7I ,_'.?
)' t •
/,TX, "T:.IL ._'_',;. ,:S',_. ,Fl?.,_),
" O ^ Fln._,5 : _ _ F1 _ ,'_:ORMAT(/6Y, _UB T T.;. ii v, v I.... 5v . )
FORP_T(/6Y, _SEOOND:,_v STRI'C,T'IqT. ) ' ' '
FO_/_VI.(/'_X, _,-,,.;, DO0 BEL ,I_.'/,FI_ q
,/, ,X', CAI_GE .... ,Fl _.p,)
Fort_V_ (/_y, _: c..,_.g, rl.. ,5 ,,=I __-',rl )
FOR_/l_(/6y, To:,',I.,15X, FI?.C,5",.,;I:'.c'... 5,',71".. _),.
CLOSEI
_'I RUCT
3.2-25
MCDOIVIVELL DOUGLAS ASTROIVAUTICS COMPA_IIY I EAST

DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORT MDC E0746
VOLUME I
28 FEBRUARY 1973
3.3 Thermal Protection System Weights - This section on the thermal protection
system (TPS) is presented for informational purposes only. It was determined that
the magnitude of input parameters required to define the isothermal boundaries in
the Stacked Pods Program was not Justified in view of the fact that the unit TPS
weights for these areas are generated outside the program. Therefore, the TPS
model in the Orbiter vehicle module consists of input unit weights, and their
corresponding areas derived by the user outside of the program. The TPS model
is identical to that described by the flow diagram, Figure 3.3-17 in Section 3.3.5,
TPS model, for tile option of externally derived areas. It includes the iteration
technique on the unit weight to account for changes in heating due to changes in
the vehicle reentry weight.
3.3.1 General Stacked Pod Theory - The Stacked Pod Method is presented as a
tool for determining the surface area of an orbiter. In addition to the primary
objective of determining surface areas, the program will calculate volumes,
area center of gravity, and volumetric center of gravities. The method is based
on the theory that any solid can be described as a stack of pods with their sum
of the volumes equal to the volume of the total solid. Likewise,
the sum of the surface areas of the pods less the overlap area (shaded subtractions
on Figure 3.3-i) is equal to the surface area of the total solid.
The pods are described to the computer in terms of changes at inflection
points. These changes may be in reference to shape, width, depth, or redundancy
(overlaps area dimension). Figure 3.3-2 displays the plan and profile silhouettes
of a pod to be input into the computer in terms of eight inflection points.
Every inflection point will have an associated horizontal location to assure
that all inflection points of all pods are properly located in the fore and aft
direction. Vertical and lateral locations are ignored. For example, if an added
pod was described to the computer, the program would not know or care if this pod
was on the top, bottom, or side of the pod to which it was added, but rather that
it started at some horizontal coordinate and continued to some ending horizontal
coordinate.
This program enables the user to introduce dissimilar shapes at inflection
points and to have accurate mathematics to calculate surface area and volumetric
data. There are 18 basic shapes programmed into the routine, Figures 3.3-3 and
3.3-4.
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VOLUME
SURFACE AREA
÷ CO
TOTAL SOLID _ POD I -I- POD 2
I
-F
aI
FIGURE 3.3-1 GEOMETRICEQUIVALENCE OF PODSTACKING
_L_
-F
b1
f2 f3
a5l
I
b5
l
I
f5fl f4 f7 f8
I
f6
b8
FIGURE 3.3-2 SILHOUETTE TRANSFORMTO COMPUTERIZEDINFLECTION POINTS
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l
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0.5
AREA, A = kvab _._
13
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I
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0.6 0.7 0.8
AREA COEFFICIENT - kv
FIGURE 3.3-3 AREA COEFFICIENT AS A FUNCTION OF SHAPE CODE
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!
I.-'-
z
m
LI..
LI,,.
I,,4.1
O
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L.IJ
rt,"
¢J
I.L
n.-
:::3
¢#3
PERIMETER - P = kw(a+ b)
1"40 0.2 0.4 0.6 0.8 1.0 1/.8 1/.6 1/.4 1/.2
BASE OVER ALTITUDE RATIO - b/a
[7
77
0A
01
@A
G
FIGURE 3.3-4 PERIMETER COEFFICIENT VALUES
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All shapes are a composite of straight lines and/or elliptical segments. The
transition of lines is either continuous (smoothly faired) or discontinuous (sharp
angled). Shapes 4, and 6 through 15 are totally continuous,while shapes i, 2, 3,
and 18 are totally discontinuous in type of transition. Shapes 5, 16, and 17 have
both types.
While all shapes have exact mathematical relationships as to the length of
the curved and straight elements they contain, the intent is for sight identifica-
tion. By supplying the maximum dimensions of the width (b) and depth (a), the
mathematical relationships of the shape will derive the area and perimeter. For
surface area calculation, it is necessary to remove the overlap area by removing
the redundant perimeter, the shaded area in Figure 3.3-1.
For a shape code, the program calculates coefficients k for computing
v
cross-sectional areas and pod volumes, and k for computing cross-sectional perim-
w
eters and pod surface areas.
by the formula
A=kab
v
for known height or depth (a) and base or width _).
of k as a function of shape code.
v
of k :
w
Figure 3.3-4 displays the k
w
Multiplier k is used to compute the cut area (A)
V
Figure 3.3-3 is a display
Likewise, the cut perimeter(P) is a function
P = k (a + b).
w
for each shape code as a function of ratio b/a.
The derivation of these multiplier coefficients (kw, kv) is straightforward,
and is illustrated below for two shapes.
_b/2 k kv 3
! A
a w3
= 1/2 a b =0.50
ab
b + 2 (a2 + b2/4) I/2
a+b
7 +4
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- = O. 726
11/2 a b
+kw4( +7)
Integrating the perimeters and cross-sectional areas over the length of the
pod generates the surface areas and volume. Inherent with the integration process
is the definition of how the perimeter and cross-sectional area transform from one
shape at an inflection cut to another shape at the next inflection cut. The
following definition is basic to this analysis.
Every consistently defined segment around a perimeter will linearly map to
a point at the next inflection cut if the corresponding segment is dissimilar
(holding its shape throughout the mapping). Similar corresponding segments of
two adjacent inflection cuts will merely hold their shape. Figure 3.3-5 explains
the term "consistently defined segments." Line segments 1-2, 2-3, 3-4, 4-5, 5-6, and
6-1 are consistently defined as they contain only curved or only straight line
segments. For example, 1-3 or 2-6 are not consistently defined as they contain
both curved and straight line segments.
Figure 3.3-6 explains the term "corresponding segments" for two adjacent
cuts. Segments 1-2 and 1-3 correspond to 4-5 and 4-7, respectively, and by defi-
nition will merely hold their shape throughout the mapping. Segment 2-3 corre-
sponds to segments 5-6 and 6-7, and these segments will each map to a point on the
adjacent inflection cut. Figure 3.3-7 is a display of two possible mappings.
The second basic assumption of this analysis is that the centroid of all
cross-sectional areas at inflection points lies along a common reference axis. See
Figure 3.3-8.
There are many ways to input the same information to the computer. Figure
3.3-9 displays three possible options for the same information. The middle option
is obviously the simplest for this cut, but inflection at other stations could
make a single pod 2 option impossible.
The straight line subtractions feed the program the amount of contact perim-
eter between restacked pods. If the redundancies were not removed, the program
would compute the total perimeters of all pods, thus overcalculating the surface
3.3-6
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FIGURE3.3-5
6 3
5 4
"CORRESPONDINGSEGMENTS"
EXPLANATION
2(
v
3
6
v
7
FIGURE 3.3-6 "CONSISTENTLY DEFINED"
EXPLANATION
FIGURE 3.3-7 MAPPINGDISPLAYS
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A OR B CENTROIDAL___ a, OR B
_____,-- - _---=.- X
X
THIS NOT THIS
FIGURE 3.3-8 CROSSSECTIONAL AREA CENTROIDAL REQUIREMENT
TOTAL = PODI + POD2
FIGURE 3.3-9 POD EQUIVALENCE OPTIONS
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area. To input the shaded area in Figure 3.3-10 the redundant perimeter is zero
at f4 ,and r at f5 and f7" The program computes the area between the extremes of
the redundancy (f4 and f7 in the example) by assuming a linear transition from one
redundant to the next. This area will be removed from the total surface area.
?
i
I I i I
f4 f5 f6 f7
FIGURE 3.3-10 REDUNDANCY INPUT DISPLAY
Added pods respond to both total volume and to total surface area. If one
pod is subtracted from another, the routine will respond to the subtracted pod for
total volume, but ignore it for total surface area. This allows the determination
of the surface area of pods with concave cuts as shown in Figure 3.3-11.
f _ f
-I  G-I- ©
TOTAL = POD1 + POD2 - POO3
f _ f
AREA OR PERIMETER
FIGURE 3.3-11 CONCAVE GEOMETRY
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The preceding discussion has concerned itself with surface area along the
reference axis. In order to generate the total surface area of a pod, there
must be the option of excluding or removing front and rear faces. The
removing requirement is because surface area responds only to additive pods so
there must be the capability of removing face areas when adding a pod to a body.
50
I I
100 200 300
BODY A
0
BODY B
FIGURE 3.3-12 BODY GEOMETRY
100
3.3.2 Sample Results - An example of body geometry is shown in Figure 3.3-12
with the resulting comparison of program generated data with actual data shown in
Table 3.3-1. Table 3.3-2 is a comparison of stacked pods, derived areas and volumes
with actual data for a typical Orbiter and the C-5A aircraft. The table notes the
variation in percent error as a function of the number of section cuts taken.
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TABLE 3.3-1
TEST RESULTS
PROGRAM GENERATED - ACTUAL DATA COMPARISON
VOLUME VOLUME C.G. SURFACE AREA
GROUP NAME FT 3 IN FT 2
BODY A i) 428.2 204.1 427.0
2) 428.4 204.1 427.1
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VOLUME I
28 FEBRUARY 1973
AREA C.G.
IN
198.1
198.1
BODY B i) i0.i 37.3 33.1 44.7
2) i0.i 37.4 33.1 44.7
i) Program generated data
2) Actual data via hand calculations
TABLE 3.3-2
TEST RESULTS
2
WETTED AREA - FT
PERCENT
VEHICLE ACTUAL CALC ERROR ACTUAL
MDC Shuttle 7788 7656 1.7 34,347
Orbiter
MDC Shuttle 7788 7390 5.1 34,347
Orbiter
MDC Shuttle 7788 8461 8.6 34,347
Orbiter
C-SA* 16646 17052 2.4 86,610
VOLUME - FT 3
CALC
34,383
PERCENT NO. OF
ERROR CUT S
0.i 20
31,558 8.1 Ii
31,393 8.6 6
93,816 8.3 40
*Data taken from 1/150 scale drawing.
3.3.3 Thermal Protection Application - The stacked pod method of calculating
areas lends itself ideally to thermal protection calculations. The user can match
the pods and inflection points directly wlth the thermal analysis. Table 3.3-3
shows the TPS analysis for the MDC Shuttle Orbiter,and Figure 3.3-13 shows how
these average TPS weights are applied to the configuration.
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TABLE 3.3-3
ORBITER TPS WEIGHT SUMMARY
BASIC ADHESIVE NON-OPT
AREA LB/FT _ WT ADH WT LB/FT 2 WT
BODY STATION (FT 2) (LB) (LB/FT2)(LB) (LB)
TOTAL
LB/FT 2 WT
(LB)
Nose Cap 18 7.62 137.0 0.07 1.0 0.77 14.0
200-240 36 2.54 91.0 0.07 3.0 0.27 I0.0
54
Fwd-Upr-St 720 1.66 1195.0 0.17 122.0 0.18 130.0
364-570 722 1.18 852.0 0.17 123.0 0.14 I01.0
1442
8.46 152.0
2.88 104.0
256.0
2.01 1447.0
1.49 1076.0
2523.0
Bottom
240-1586 2079 2.53 4260.0 0.17 353.0 0.27 562.0
Aft-Top
570-1586 1750 0.94 1645.0 0.17 298.0 0.ii 192.0
Aft-Sid
570-1586 1600 0.94 1504.0 0.17 272.0 0.11 176.0
TOTAL 6925
2.97 6175.0
1.22 2135.0
1.22 1952.0
13,041
TOP
BASE
AFT AA
BOTTOM
REPORTNIDCE0746
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AVG.
LB/FT 2
4.74
1.75
2.97
1.22
1.22
FIGURE 3.3-13 TPS BODY BREAKDOWN
Table 3.3-4 displays the stacked-pod data file and its corresponding output
which duplicates the thermal analysis on the MDC Orbiter. Section 3.3-2
demonstrated the accuracy of the stacked pod method as a tool for calculating
total areas of geometric shapes and vehicles. Table 3.3-5 demonstrated not
only its accuracy,but also its flexibility in breaking down a vehicle into
specified sections. This capability of sectioning a vehicle simplified the
tasks of applying average unit weights over a vehicle.
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TABLE 3.3-4
DATA FILE OUTPUT
1 .v,)O ,,4I ir:_', _/_:,_:LIN_: ir_ Lr.:",t CA_'L
_'.000 t, gSK C_P 200-240 1 2 1 1 0 4./4
3.(.)00 200.0 0.0 0.0 4 O.O I
4.,)uO 240.0 10.0 102.0 4 0.0 1
_.0,00 _I [dP F.,:D .sT 364-570 2 4 1 .J u l.Tb
6.0:DO 364.0 0.0 0.0 1 O.d 1
7.000 400.O 26.0 88,0 1 h_.O I
_.!)00 z, 16.{) 16.0 12i].0 1 120.{3 !
_.:)O0 57,J.0 0.0 0.0 1 0.0 1
l{).i)'J3 r,i [t_t _ _ ,rD 51 240-b10 2 6 1 O O 1. 13
11 ._)O 240.0 b4.0 88.0 / b6.O 1
1'). ]Ou 300.0 6b.0 12b.O / 12_.0 1
13.()_)0 364.0 75.0 148.0 t 148.0 1
14.0,,_[) 400.0 /0.0 160.0 t 24m.0 1
Ib._]OL) ,416 .l] "]0.0 19_.0 7 312.0 1
16.000 b/O.O 90.0 216.0 / 216.0 1
! l.O{lO _[[,F: _,:t) ;] 240-b70 2 6 1 0 0 l .lb
1 ,,.I)OO 240.0 b4.0 88.0 / 68.0 1
1';,'.[)0(} 300.r,] 105.0 140.0 t 264.0 1
P O.t)O_,) 364.0 lbO.O 164.0 ? ,.}12.0 1
Pl .,]0(] 400.0 14:).0 16_.0 7:336.0 1
22.d0,3 416.0 160.0 210.0 1 364.0 1
°_3.000 51{3.0 180.0 210.0 I 216.0 i
P4.000 ],q,P _-1 :)] 570-1386 b 6 1 O O 1.A2
2b.O00 b/O,) 62.0 216.0 b 216.0 1
_, )00 [_O0.i) 62.0 216.0 _ 216.0 1
P I.{)(]J 1000.0 62.0 216.0 5 216.0 1
2_.00(] 1200.0 5_.0 216.0 b 256.0 1
* f8'q.I)O,) 140,0.0 b_.O 216.0 ::) 2b6.0 1
3 1.000 15/(].0 0.0 216.0 b 216.0 1
31.i)00 SIDE AFT 5[ b70-15_56 6 6 1 0 0 1.22
3:P..(]O0 570.0 lz*4.0 216.0 7 432.0 1
33.000 SO0.O 12_;.0 220.0 7 ,440.0 1
. ' ( 2e_ 220.0 t 440.0 134 GO0 10,)J.O 1 .O
t"3b.,)O() 120,].0 132.0 220.0 l 440.0 I
36.000 14UO.O 1 lb.O 9_32.0 t 466.0 1
31.000 1510.0 0.0 232.0 7 456.0 1
38.000 9C'I F,,ID 5"[ _40-1bf46 / 6 1 0 0 2.V]
39.000 ?40.0 0.0 O.O b u.O 1
40.000 300,0 6.0 12-_;.0 1 128.0 1
41.000 364.t) 10.0 lb2.0 ! lb2.0 1
47.000 400.0 12.0 1 /6.0 1 176.U 1
43,000 476.0 12.0 200.0 1 200,0 1
44.000 570..0 16.0 216.0 1 216.0 1
45.000 4L) l AF[ %1 510-1386 l 6 1 O 0 /.vl
46.000 b/O.O 16.0 216.0 1 216.0 1
47.000 800.0 .001 216.0 1 216.0 l
4_.000 1000.0 .O01 _,244.0 1 220.0 I
49.000 1200.0 ,001 240.0 1 220.0 1
50.000 1400.0 .001 232.0 1:432.0 1
bl .000 lbl:].O .001 232.0 1 232.0 1
bP .0',)0 *
--;':,;,_: _lq ^;''-" ' •..... L _:,, , 5P-
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TABLE 3.3-4
DATA FILE OUTPUT (Continued)
0 F[:]!i:] "T[(l:;i: ]ii:F:I:ii;1_IL. t i"tEl [ i::''.ii; T I:i :ii;T C:i:::i:5[[.I
(=d:O}I.j F.; i.I I3L.I.tj'I[i]I I.iijLI_II"IE
I iF::tHE] C]:=6;.
(:i...j. FF ,, i H.
:iiii j f;itf" F:ii:EIi
FI[;Ifi.".]I::l
Sti! o I::......
yt I});!!!;li!} ill..It f::' ;!!'.[!:.10" ;!!!'.':$(!j
T()P l:::lJ::] F:;] 5i::'O-'].!i;:iii;6
::ii;i lift Fff:""i 'ST 57'11!!'" i (5',36,
]i::OT Fi,, !ii S T ;ii;d.(ii..-.i !i_;:36
j:;:lFit[iit::!
ill.:. Go
i Pi =,
'iOTF:ij ....
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!'iJi!ili C.;Hi
L Z; i_
7 i. 60. i ,.:]-:3'ii_.::;. i. 4. i "",-, "",:::, ,4.;iii'.t::.:i,;?. i.q. i 7. '.}i!=_
.. ::;,..[}'!:_F_= i i F:_Y:;f:=;.;;' i[ 6,1ii:iq.,, 4. _ Ot[[,9 ,, ,.-_. i 6[i[},:-i.,, 4
3 ;:;'(, ,, 4. !3:3;?., ,.:i- 1[:! 0 F:_, 8 'ill .:!.,5, 9 ;;[!:.i (i.i0 ,, :ii',
::'- [::" :-,l:: ............
....::,...,,:;...... :} ;:-.::-::::° '-" 6 9 ;i!:8 ,, :ii: :i!!::i[[::i[: ,, }[}: 6 9 i}[}:8 ,, :i!:
BODY STATION
Nose Cap
200-240
Fwd-Upr-St
364-570
Bottom
240-1586
Aft-Top
570-1586
Aft-Side
570-1586
Total
TABLE 3.3-5
ACTUAL VERSUS CALCULATED TPS WEIGHTS
ACTUAL CALCULATED
AREA LB/Fr 2 WT-LB AREA LB/FT2
54 4.74 256.0 54.2 4.74
WT-LB
256.9
1442 1.75 2523.0 1417.8 1.75 2481.2
2079 2.97 6175.0 2100.8 2.97 6239.4
1750 1.22 2135.0 1731.1 1.22 2111.9
1600 1.22 1952.0 1624.4 1.22 1981.8
6925 13,041.0 6928.3 13,071.2
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-.i
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3.3.4 Program - Table 3.3-6 is a formulaized display of input parameter formats.
A brief description of each parameter is also included. Following this table is a
listing of the Stacked Pod Computer program (Table 3.3-7).
FORMAT COLUMN
20A2 1-40
15 41-45
IOA2 1-20
15 21-25
15 26-30
15 31-35
15 36-40
15 41-45
FI0.0 i-i0
FI0.0 11-20
FI0.0 21-30
15 31-35
FI0.0 36-45
15 46-50
TABLE 3.3-6
INPUT PARAMETERSAND DESCRIPTIONPROGRAMMASTERCARD
NAME DESCRIPTION
NAMEFL Information to be printed as heading of output data.
NPD Total number of pods or Pod Master Cards (15 maximum).
POD MASTER CARD
NAMEPD Title information for each line on pod volume and
surface area data.
NGR Successive integers on which pods are totalled for
data print out (first pod numbered i).
NIF Number of inflection points or Pod Data Cards to
follow each Pod Master Card (not larger than 15).
NMP Multiplier so as to include the number of these
identical pods used (positive or negative).
MFO Forward face of pod as part of total pod surface area:
Included in surface area i
Not included in surface area 0
Removed from surface area -i
MAF Rear face of pod as part of total pod surface area:
Included in surface area
Not included in surface area
Removed from surface area
POD DATA CARDS
i
0
-i
FS Reference axis coordinate of pod inflection cut.
A Maximum depth of pod cut.
B Maximum width of pod cut.
ISH Shape code of pod cut.
RED Redundant perimeter between this and other pods when
restacked.
ICN Dummy redundancy integer to establish whether redundant
perimeter (zero or greater) is used in redundance analysis
3.3-15
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TABLE 3.3-7
DATA FILE
CBP¥ s_acxpeo Te--C_IX,NC) ................
, I • ___l.O_ sFTXED
" 2,000
3 - 3,000
5 • 5,000
6 - 6,COO
.... [__ ......7,0C3
8 - 8,0C0
. 9 - 9.C00
10 - 10.C00
11 • It.CO0
12 - 12.000
1W • 14.000
.... 15 -.._ _5,000
16 " 16.000
.... 17 • 17.G00
CBHWBN II*NPD, NAMEPD(tO*20|,NAMEFLIZoI,FS(30,20),A(]O,_O)
%*_(30_201*.ISHI30*20|JZZ(30),REDI30,_OI,ICN(30,20),CV(30,20|
2_CW(30*_O),N_PIPO)=NI;(20)aNGP(20),WAP(20)aVLP(ZO),XWP(20)
3sXVP(2OI.MFO(2OIaM&F(20) ..........
D8 TO I,1,20
FS(Jal),O,
A(J,I)'3,
BlJal)'_.
.........RED{J'I)PO.
CV(J.I).O.
CEIQ_])_O'
ISN(J.I).Q
REAg(5,900| HAMEFL,NPD
D_ 50
__I0._ ICN{J_II.O .................
ZZII)'O.
..... wAP(1).ZI
18 • 18,0C0 VLP{I)'C.
__ |9 ___19,COQ X_P(1)-Oi
20 • 20.000 XVPII)._.
2t " . 21tOOQ .......k_P(1).O
22 • 22,000 kIr(1)'O
23 - 23,C00 ...... NGPII)'C .....................................
2_ • 2_,C00 ffFBIl)'O
____ _5 -.... _5,COQ___2L_.MArII),_ -
26 • P6,COO
27 • _7,C00 __
28 • _8,CC0
29 - _9,CO0
30 - 30,
32 • 32,
33 - 33,
3w • 34,0C0
35 • 35,CC0
36 • 36,CC0
__ 37 _.... 37,_00 .....
38 • 38.000
39 • 39,000
_0 • _0,000
41 " _,000
_2 • _2,000
___ _3__W3.C00
4_ - _,CO0
_5 • &5,0CO
46 • 46,000
W7 • _7.000
48 - 48.0G0
49 • 49_000 ....
50 • 5C.O_O
51 • 51,000
52 • 52,000
53 • 53,000
54 • 5_.000
____ 55 "__ 55,000
56 • 56,C00
57 • 57,C00
5R • 5_,000
59 • 59,000
I'I_NPD ............
READ( 5,901 )INAMEPD( J, I |$J= |_ tO) _N6P( i ),NIF( I I_NMPl __Mrl (i.IiMAR li|--
NIP.NIIF(I)
000 D@ 3C K,I,_IP
COO-.._-_D---_E_D(5_9OEJ__E_IJ__LII_B(K, IIaISHIKal}_REDLK=I}.ICNIK. I|
COO 50 CP_;TI_UE
CO0 . DO 90 II.I._PD
NIP._Ir(II)
D? 60 I.I.NIP _ .
60 ZZ(II'_(I_III
CALL AffEEIL
DB 7C I'I_NIP
A(I.II).ZL(II ................
70 ZZ(I)'_(I.II}
CALL AR_rlL
D8 _C I'I*NIB
___LEII,II),ZL(II
C_LL _E;_EYE
CALL CGEkER .........
CALL PODPOD
9_ C_TINUE
JJ.1
IF(NPO*LE,1) Oe T_ 150
VLP{Jg)=VLB(JJ)¢VLP(JK|
XVP{JJ)=XVP(JJ}*XVP(JK)
X:_PfJJ)mXWp(jJ)*XNp(JK)
_____P{JJ)_APCJQ|eWAP(JK)
VLR(JK).O.
IF(JK.GE.NPD) GB TB 150
JK.JK*I
GO TO Ic0
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TABLE 3.3-7
DATA FILE (Continued)
60 • 60*000 1_0
61 • 61,000 1_0
62 • 62*000
IrcjK,QE.NpOl_ee Tn tso
_J=JK
_KmJK÷I
+__ -
--63= 63,000
65 • 65,000
66 • b6,OCO
67 • 67.000
68 " 69,000
69 * 69*000
70 " 70,000
71 • 71,000
7_ • 72,000
73 • 73,000
7_ • 7_.000
75 • 75.000
76 " 76.000
77 • 77.000
78 • 78.000
79 • 79.C00
59 I_ 100
WRITE[6J903) NAHEFL ...................... :-
TgTL%'O,
TBTL?=O, .................................................
TOTL3"O.
T_TL_'P,
De 190 T,I*NPD
Ir(VLe(1),EQ,O,| GO TO LgO ...............................
XY,XV_(I}IVLP(1)
XZ,_w'_(I}lWAP(I} ...................
VLP(II,VLP{I)II?28,
XvP(1),XvP(1)I|TESI
x_P(II,wwP{I}ItwW*
WAP{I},_AP(1)II_W* .......
- WR]TEC6,gO&iI_JA_EPD(Jj|)jJ_tmtOIaV6PI|IjXYaWAP(I)RXZ
TBTLI,TqTLI÷VLP(1) _ ................
T_TL2"T_TL;+XVP[I|
8Q ___.80,CCO___TBTL3"TOTL_÷X_P(I|
81 • 8t,O00 TOTLW'TOTL_÷_AP(1)
82 • 82,C00
83 • 83,000
84 • 8W,O00
85 • 85,000
86 • 86.000
87 • _7,C00
88 - a_.CO0
89 • _9.000
90 • 90.000
91 • 91.C00
92 • 9_.000
93 • 93.C00
9_ • 9_.C00
95 • 95.000
96 = 96.0G0
97 • 97,000
98 " 9_.300 ......
99 • 99.000
tO0 • ICO.OOO
101 - 1C1,C00
102 • 102,C00
103 " 103,000
104 " 10W*000
-tO51q--%05,000
106 • 106*C00
107 " 107.000
10_ • IC_.CO0
109 - 1C9,000
110 • 110,000
-111_''-1111000
112 " 112,000
113 • 113,000
11W • 11_,000
115 • 115,000
116 • 116,000
117 " 117,000
11_ • 11_,000
119 • 119,C00
lEO " IP0,_00
1_ C.N_TNOk
IJJ, IJK,I
VkL,FS(IJK_II)-_$(tJII|
DO qO I,_IJJ
30 ZZ(I)mZZ(IJK|IVALLIVAL
3_ |KmTjK+$ ........
_0 _8 5C ImIK_NIPL
IF(ZZ(I),_T,O_) 88 7B SO ....
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TABLE 3.3-7
DATA FILE (Continued)
tZl • 111.000____ ...... I<_e! ...............
122 • 122.000
_15Lt__,123.t_nn
12_ • 12_,000
125 • 125,QO0
126 • 126,000
127 • 127,C00
12R - 128,000
130 • 130.000
131 • 131,000
132 - 13E,0C0
133 g 133,000
13_ - 13_,CC0
_135 ,_ 135,C90
13_ • 136,C00
137 • 137,CG0
138 • 138,C00
GO TO 60
_n E_NTTNU_
RETURN
.1_6_ .... IKKP,IKK_I .....................
..... D_ 70 d,IKKP,_P .................
]F(ZZ(J),LE,O,) GO ?0 70
B9 TQ 71
7_ .... CgNTT_UE ...........................................
G_ TB 8_
7__ _.DEL,(_S(IK_alI)oFS(IKKLaII)I/(FS(JKalIItFSIIKKLa[III
ZZ(_KK).ZZ(I_KL)¢OCLe(ZZ(JKI=ZZ(IKKL)i
IF(I<*GK,NIP| RETURN
..... O0 T_ _3
BO VAL.KS(_qIP, IY).rS|TKKLa|||
133 • 139,000 ...... IF(VAL*EQ,O,I RETURN .
1_0 • I_0,0_0 DQ _5 ]=IKK_NIPL
__I_I -.__I_1=C00__NALL_E$(NIP_IIIeFSthLLI
1_2 - 1_,C00 8M ZZ(II'ZZ(IK<I_|eVALL/VkL
1_3 • 1_3,eC0 _._ RETURN ..........
I_ • I_4,C00 END
I_5 • I_5,000 .... SUBROUTINE R_DEYE
1_6 • 1_6,C00 CbMMON II_PbNAMEPD(IO_20),NAMEF_(_O)_Ffl(30_20)_t30_O)
_ 1_7 _ .... I_7,COQ______hS|3C_2,Q}__ISNL30_20),ZZ(30_RED(3Oa2OI,ICN(30,_OlaC_O_
lk9 • 1_9,000 _ __ 3_XV=(20}_FB(20)_MAF|20) ......
150 • 15C,C00 NTP,N|F(II|
151 " 151,000 "'1 LLL''i .-
152 • 152,C00 DO 15 I,I*_IP
15_ " 15_,C00 REO(I_II)',I,
155 • 155,C00 .... B9 T_ 15 .....
156 • 156.C00 10 LLL'L_L+!
157 • 1E7*CCO .... I<EEP2"! .......................................
15a • 155,000 1_ CgNTINUE
159 _____159,O0____|F_LL6_LE_DJ__FTURN
160 • 160,C00 D_ 30 [=I_IK_£P_
161 • 161,000 ..... IF(REO(I,II),LT,_J}_GB TB 30 ......
162 " 162,000 IKEEPI'!
163 • 163,C00 Off T_ 35 ............
t6_ - 16_,C00 30 CO_TINUF
166 • 166,000 IJ,IKLEP2-1
167 • 167,000 _O DB 5C I,IK, IJ .......................
168 * 1E8,000 IF(REO(I_II),G[,0,) O0 TO _0
169 * 189,000 ]KK,! ..............
170 • 17C,000 G9 70 6C
__171 t_171,_OO__5(L__C_P_TI_!_E
172 • 172.000 RETUP N
173 • 173,000 60 IKKP_IKK*I
17i • 17W,000 IKKL,IKK.I
175 • 175,000 . D9 72 J_IKKB_IKEEP_ _
176 • 176,000 IF(_FD(J, III_LT,0,| OO TB?O
177 _L177,OOO__.___,J
17_ • 178.000 66 T8 75
179 • 179,000 70
180 • 180,000 7_
181 • 181,O00
C_TINUE
DEL,(FS(IKK_II),FSIIKKL_II)II(FS(QK_III,FSIIKKL_II)- ) ........
RFD(IKK,II)'qED(IKKL_III*DEL*(REDIJK, II)-REO(IKK_aIII)
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TABLE 3.3-7
DATA FILE (Continued)
182 • ,Bz.ooo .... X_,ZK_,_k ....................
183 • 1.83.000 llr|_K*LTI|KEEII) OB Tl _'0
18_ .m__!8_ ,,000 RETURN
185 " 185.000 END
1R6 .o
187 •
189 •
]90 •
II191
192 • 192,000
193 • 193,000
19_ • 19W.CCO
195 • 195.000
196 • 196.000
--t97 "--"197o000
198 " 198.000
199 • 199_0C0
200 • ECO.CO0
201 • EOI,CO0
202 • 2C2,000
--203, .... 203.000
186.000 ...... SUBROUTINE CQENER ...............
I_7.000 COMMBN llsNP_,NAMEPD|IOa2OI,NAM£F_I_Ola_SI3"O,2OI_A|$OJ_O)
1_8.000 IaBI30,EOI,IS_(3OaEO),ZZI30),RED(3Oa2OIalCN(3Oe20)aCV(3OaZO) ......
1_9,C00 2JC_I3U,_O),NHP(_|_NIFI2OI_NGPI2OI_WAP(EO)#VLP[20|aXWP(_O)
19C,OOO 3, WVPI_O)aM_tPO)_HAF/_O)
191,0C0 ELKIX)=((I,._EO6*X)*.6_55)oX*.l_6)eX_o9987
NIP,N|r(TI| ...........
D9 _C I'I*41P
IrIISMII.III,LE,C,BR,ISHIIalI),GT,I_) 68 TO _O ............
Irllll_ll),L_,O,| _(lill|i,O00O01
l_tg(l_ll),Lr,O,) BII_III,,OOOGOI
GB TO (_]_,23,_25_26_7,28_29_30,31a32a33_3_3_,36_$7_38|I|CTZ._
El " CV(I,JI)'I,
CWll,ll},2, ............
GB Tt _o
E_ Cv(|,II},,_
IF(X.UT.Io} X=I,/X
CI,_L_IX}'IXX*I.5)/IX*Lo)
Xs2o_(T,ll)Ik(|_l|)
|r(x,_r,%,! X'1,/X
C2,£EKI_IIIXW+'I))IX÷I_)
CW(I,II),(CI÷C2|/IXX*$|)
G5 TO _C
CV(I,II),,_B7
X,B(I_II)/_(I_II}
I¢(X,_T,l,l X'l./X
CWll,ll),l,5*.S*ELKlX}/IX_S_)
GO T8 w0
CVll,lll,,g_A
X,B(I_II}IAII_II) .......
IFIX,_T,%,) _-l,/X
C_(I,II},I,÷FLK(X}I(X*Io)
221-
222
223 - 223,CCe
22_ • 2_,C00
225 • 225,0e0
226 " 226,000
--227 "---227,000
22_ - 2?_,C00
229 • 2_9,C00
230 • 230,C00 27 _
231 • 231,C00
232 • 232,000
233 • 233,000
23_ • 23_,000
235 " 2_5,000 2A- ....
236 • 236,C00
237 • 237,000
23_ • 23_,C00
--_39-----23g,C00
2_0 • 2_C,0O0 2q
2_1 • 2_1,000
2_2 • 2W2,000
CV(l,Ill,,_91 ................................
XX'_(I_TI)IAII_II}
X=2,'_II,II)/AII*!I) ....................
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TABLE 3.3-7
DATA FILE (Continued)
Z_3 • ZlZ=O00 _ I¢(X,_T,l=) X=[=/X
Ei_ - E_,O00 CW(T,ITI=(t,+2,.,EEK(X|e(XX*,_)#(X*tz))I|XX*t=!
2w6 - 2_6,000 30 CVII_II),,B_
2W7 • 2_7,000 ........ XX,gIIJII)/A(IjII} ............
2_S • 2=8,000 X,_,,_(I_III/(3,*A(I,III|
EW_ • 2wg,oco _. _ Ir(X,_T.1,) xqt,/X
250 • 250,000 C_(I,I[),(,5._,*ELK(X)e(XXilT_|I(X*t. IIt(XXetIl--
?52 - 252,303 3t CVlI_tI)=,_6_
253 • 253,003 _ _ _BIIIII}/AIIJIII . -
ES_ - 2_,0C0 I_(X,UT,1,1 X,i,IX
255 - PbS,OO0 . _C_(I,II),,5*I,5*LLKiXII(X*I,)
25_ • _6,CDO G_ T8 W:_
_ E57 ___I57,GGQ. 3_ CYI1=I|le_7_&_
E58 • R_,OO0 CC_,S_RTIh*AIIIIII"Pe_IIIIT|eiZ}
_59 • 25_,C00 ....... C3,(BIt,tli*CC'ai/I_(titIi*BItillIl ......
__ _6% • 2_%,000 _ ___ I_(W,_T,_,) X-t,IX ....
263 • 262,000 CWIIIII)=iS*C3iELK(XIIIX*I=)
E6W • E6W,O00 31 CV(I,II),,7_
265 - _5,000 ...... CCiV,SuRtIh,A(I=III**EiOIIiIIiU21 .....
E6_ - 2_6,000 C3,(BIT,II)+CCWI/IIII,IIIiB|I,II)I
E61 - 268,000 Im{xo_T,%,_ X=i,/X
_69.,___E6q,CCQ ,. C@II_!I..!-C3t3,+_,_£L_LWI/I3,!X*I,L
270 • 270,000 GO _B _
_ E7% • 27t,GOO 31__CVII_ll),,_7B
27_ • 272,000 C2=p,*S_pT(*tlIII}--2iB|I,II)--2I/I_(I_IIIiB|IIII))
273 • _7],CC0 .... x,B(liIli/_(tiII} ................
___ _75_.L._ _75,CO0___C_(I_IIJ_,5ocE_ELK(_XJL{_*I,l
_76 = 27_,C00 G8 TB _0
E77 = 277=;00 _ ....CVlIl|I)''7_9
_78 • 218.000 C2,;,*S;RT(_(I_II)iiEeB(I_II)*eE)/I&(IIIIIeB(I,||) -)
_79 • 279,0C0
_80 = E_OiGCO
2at.LE_%,O00___
E82 ° 2AetO00
283 " 283,_C0
ES_ = 28_,C00
285 • 2_5,C00
286 " 2_,000
287_._ - 2B7,C00
288 - 2_8,000
289 • _89,000
290 • 290.000
29i ° 29%,0C0
E92 • 292,CC0
.... X,B|lIIIllAItiII}
IF{_,_T.i,) X=i=tX
_lllil|.i;_!llfillELKll_]/___i!Xeli]
GO TO _
36. CV(I_ll)=*7_5
X=B(I'III/A(IIIII
C_;II,II}-%,*_LKIXIIIXiII}
3? CVll_lli=,gi_
X-BII_III/AII_III
IrlX,_T,%,) x=i_IX
C._(I,IIi=i. SiiB*ELK(XI/IX*IiI __
G_ TB _3
293_t_ 297,OOQ.___]L_.CV{I_lI),.5 ..........
E9W •
295 •
29_ •
E97 -
298 •
__ _99_,.
300 -
301 •
302 -
303 -
2_,000 CWll,lli,l,+sllllAil_Ill*,t,O{IllIlttl}/llIl_llliIlllllll
_95,000 _0 CB_TINUE - --
296,000 CALL CCrl_L
297,CC0 RETURN ...................
29_,000 END '
E_9,CCO .... SUg_6uTIKE.C-CF/LL
3C0, OCO C0_0 N I I, NP_, NAME PD (tO i20 ), NAM_FL( 20 i/FS (-_-0_20 ), A (301 _0 }
301,000 liB13012Gl#ISH13012Ol,ZZ130)iREO1301EO)ilCN(301iOlICV(30i20i---
302,000 EIC_(3CI_OI=N_@IPOI,NIFI_OIINGP(_O|IW_(20|IVLPi_O|*KWP(20)
303,C00 31XvP(_OI_MF_|2OIIHAF(20i ....
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TABLE 3.3-7
DATA FILE (Continued)
30_
305
306
307
3O8
309
310
311
312
313
315
316
317
• 30_1000 NIPINIFIII) ......
• 305=000 IJK•%
• 306.000 IrlCW(l,ll)e_7oOl| _8 TO NO,
• 307i000 09 30 J•2aNIP
• 308,000 __ IJK=I_K*I ...................................
• 309,000 l_(CWlJ, lliJLTe0e) 00 70 30
• 310.C00 IJ=IJK-I ..................
• 311.000 09 _0 K!lalJ
• 31Z,OCO__C,_IK, II}.(WIIJ_KtI|)
&---313,QO0 20 CV(_,IIImEVIIJKjII)
• 31_,000 GO T8 k_ ......................
• 315.000 30 CONTINUE
• 316.C00 RETURN .........
• 317o000 _0 Ir(IJKo_EoNIP) RETURN
318 - 31(,000 IK'IJ_+!
319-&---319.0C0 IKIC_IIKaII},LEe0e) GO TO 60
320 • 320,000 .=. IJ<elJK*I .................
321 • 3_1,0D0 G_ Te _
3E2 • 3_,000 60 Ir(IK,OE,NIP| QO 7_ 90 ................
323 • 3E3,OCO IK_'IK*t
]25-;--3?5.000 IFICWII,II),LE,Oe| OB 70 aO
326 • 326.000 IJJ=I .__
327 • 3;?,0C0 GO ?0 110
32_ • 37_,000 BO CONTINUE ..........
329 • 329,000 90 DB lOO K-IK#N|P
330 • 330.000 CVIK, II).CV(IJK, II)
3_ ;--331,coo--F6_--t_(k;it_;di iJ_;I|)
332 • 332,000 RETURN
333 = 333,C00 _tO NEm|J_-IK
33% • 33_,000 N_I|K'$ ...............
33_ • 3_5,C00 Fm._IIJK, II},BIIQK.Ii)-
___3s6 • 336,coo .... R_,_(!JJ,[I_!,_(!_4,!I)
337 • 337,C00 FM-_(IJK_II)_BflQK.|I)
_p
33_ - 33q,000
339 • 339,000
3wO • 3_0,000
3W1 - 3_I,C00
3_2 • 3_2,t00
343-;--3_3,000
3_ - 3_,CC0
3_5 • 3_5,000
3_6 - 3_6,C00
3_7 • 3_7,000
3_a • 3_,C00
3_9 •....3_9,CC0
350 • 350,C00
351 • 35%,_00
352 • 352,000
353 • 353,000
35_ - 35_,0C0
--35(; .... 355,0C0
356 • 3_6,0C0
357 • 357,C00
353 - 358,000
359 • 359,000
360 • 3&O,O00
--361 • 36$.000
362 • 3_,C00
363 • 363,000
36_ • 36%,0C0
R4.AIIJJ_III=BIIQJ. II) ----
DELCV'CVIIJK,II},CV(IJJ_II)
DB 1W5 K-1,4F ............
X_L,(_S(KK, I[).rS(.]J.K,IJ!)/_ESI|J_[t}.,FS(.[_K, ll)|
XgLH•t,•XeL
_X-*(IJK, III+XBL*|_(IJJ_II},_(IJK_II|I
EX-B(IJK, IIt÷XBL_(B(IJJ_III,B(IQK_III}
Cw(KK_III=(CW(IJK_III_FM_XeLM*CW(IQJ_III_RP_Xe_I/(_XeBXI .......
ABX=AX_X
|rt3ELCV) 120m130_!_0
Sfl T8 1_5 ....
1)0 CV(RK, II),CVIIJK, II)
G_ Ta 1wB ..........
%_0 CV(KK_II}mCVIIJKmITI-XO_**_'DELCV*RM/&B X
1w5 CONTI_U _ ._.
IJK,IJJ
GO TB _0 ..................
RETURN
END
SUB_BUT|_E PA..DM%D
CBMMON |I,NPO,NAMEPDI.IO,ZO_L, NkH_EF_(ZOI,FSI30,2p_)_I.A__fL__Oj_,,_L___.__.
i_B(3C_23)_TS_(30_20)_ZZI30)_REDI30_20}_ICNI30_EOI_CV(30_O)
2aCaI30,_O)_N4P(_O),NIF(_O|_NGPtZO)_WA_(20)_VLPiEG)_XWP(_O| ......
3_XVP(_o)_HF_(20)_MkF(20I
NIP,NIFIII) . .
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TABLE 3.3-7
DATA FILE
_16 - ¢16,000 E4DMUL'E_DHUL+YET'FS(NIPIlI]
W17 • 417,000 G9 TO _ ..
Wt8 • _I_,C00 7E E40_,E_3S-YET
_19 • W19_000 E_4D_UL=k.4DHUL'YET*FS(N|P*II| -.
w20 • W_O,OOO SO _P(III-x_*(_AP{III÷E_0S)
_?! _21,000..________X_P(I!)_X_.IX:'kPI|I|*ENOMUL|
W22 • W22)000 RETURN
_23 • _23)000 E_O .__
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3.3.5 TPS Model - The TPS model that has been incorporated into the sizing
program is in modular form. This allows the user to replace the model with
another method of his choosing with a minimum of effort.
The first assumption made in formulating this model was that the unit weights
will be derived outside the program based on materials selected, cross range,
nonoptimums applied, etc. Typical unit weight for this type of derivation can be
seen in Table 3.3-8. These unit weights will then be ratioed as a function of
&(W/S) I/8 to account for small changes made to the baseline. Assuming that heating
time (e) is unchanged by small changes in vehicle weight (20 percent or less), the
derivation of this ratio is as follows:
The total heating (Q) is directly related to the reentry vehicle weight
_Q _ A(W/S) as noted in NACA Report 1381. The thermal protection system weight
is directly related to the total heating and heating time (AIAA 68-757):
A(WTp S) 2 (QI/8 03/8)
Thus, for negligible heating time changes, the weight relationship becomes:
A(WTp s) _ (W/S) 1/8
through substitution. These derived and adjusted unit weights will then be
applied to the appropriate areas of the body.
In order to keep the input data at a minimum, the next logical assumption was
to constrain the number of body areas to be considered by this model. All vehicle
bodies inputed into this model shall consist of nine sections, Figure 3.3-14. The
waterlines distinguishing what is top from what is side from what is bottom are
free to be chosen by the user.
There are two methods by which the body areas can be incorporated into this
model. The first is by simply inputting areas derived outside the program. The
second is to have the program calculate them,implementing the stacked pod method.
At a glance, the first method seems totally constrained, allowing little, if any,
flexibility. However, there are many ways to input the same information to the
computer. Table 3.3-9 displays three possible options for inputting the center
section of the body into the model. The second method of area incorporation not
only has all the advantage of the stacked pod method,but it also has the added
distinct advantage of being able to stretch or shrink the baseline and to reflect
these changes in length in the body TPS weight. In order to accomplish this, the
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ORBITER TPS WEIGHTSSUMMARY
BODY STATION
Nose Cap
200-240
Fwd-Upr& Side
364-570
Bottom
240-1586
Aft-Top
570-1586
Aft-Side
570-1586
Base
FUSELAGE
TOTAL
Wing LE
Wing
Upper + Lower
_ING TOTAL
Tail LE
Tail Sides
TAIL TOTAL
IWindshield
TOTAL TPS
BASIC ADHESIVE
AREA LB/ WT ADH WT
(FT 2) FT 2 (LB) LB/FT' (LB)
NON-OPT
LB/FT 2 WT
(LB)
REPORT MDC E0746
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TOTAL AVG
LB[ WT
FT 2 (LB) LB/FT2
18 7.62 137.0 0.07 1.0 0.77 14.0 8.46 152.0
36 2.54 91.0 0.07 3.0 0.27 i0.0 2.88 104.0
54 256.0
720 1.66 1195.0 0.17 122.0 0.18 130.0 2.01 1447.0
722 1.18 852.0 0.17 123.0 0.14 i01.0 1.49 1076.0
1442 2523.0
2079 2.53 5260.0 0.17 353.0 0.27 562.0 2.97 6175.0
1750 0.94 1645.0 0.17 298.0 0.11 192.0 1.22 2135.0
1600 0.94 1504.0 0.17 072.0 0.ii 176.0 1.22 1952.0
371 2320.0 0.07 3.0 153.0 2473.0
7296 15,514.0
300 8.44 2532.0 0.07 21.0 0.85 255.0 9.36 2808.0
4774 7628.0 609.0 844.0 1.89 9050.0
5074 11,858
88 4.12 363.0 0.07 6.0 0.42 37.0 4.61 406.0
800 0.95 760.0 0.17 136.0 0.ii 88.0 1.23 984.0
888 1390.0
250.0 25.0! 275.0
13,258 29,037.0
4.75
1.75
2.97
1.22
1.22
6.66
9.36
1.89
4.61
1.23
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user inputs the body station at which he wishes the stretching or shrinking process
to begin along with the length change desired. These changes in body length are
assumed to be constant cross-sectional area changes. Table 3.3-10 displays the _DC
Orbiter,both stretched and shrunk 20 in.
_COFwD
CREW
MPARTMENT
NOSE--,_ _..._._
CAP
CENTERJ
BOTTOM
CENTER /-AFT
TOP /TOP
CENTER
SIDE _BASE
LAFT
BOTTOM
--_TOP
I_-. _ SBI2;TOM
AA
:i:i:i:i,(SHADED AREA NOT COVERED BY TPS)
FIGURE 3.3-14 TPS MODEL
TABLE 3.3-9
TPS INPUT OPTIONS
C-TOP C-SIDE C-BOT
METHOD AREA LB/FT 2 AREA LB/FT 2 AREA LB/FT 2
(FT 2) (FT 2) (FT 2)
I i00 1.0 400 1.0 500 1.5
i_ o o 500 i.o 5oo 1.5
III 0 0 0 0 i000 1.25
C-SECT
TOT. WT-LB
1250
1250
1250
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AREA AND WEIGHT CHANGES DUE TO A LENGTH
L.@'.i.',I"TE:i;I }iii',Fl'.iii;E:LIHE FF".i'; 'Fti-::'.E;] E:I:_E;E:
(:;F;::0 i..IF'
i ii:!i'lE:
: i! i (. i!.: (i:I:ti::; i.::_::Iiil-..-.;iiitq-i:::!
ii TOF" i::HZI !i;i ::i:6u;.-!f3;"O
i01::' FIF:T" ':i;[ NT'0-. i 5i:-:6,
(!:i:i:]:.iE: I:-tF-[ or ,::,,-:........... 'U- I '.l:::',6
:i!:!:)T Ft.,ib ST ;ii!>4.0-.i .'Z(::,,,_:,
i (:! [FII ....
BASELIIIE
,h _ '. L ..'P;P ;!ii:O@-,!!:,._@
;..! 7 OF' i::Hi.I :ii,i ::3e,,::i-.....!7:;? C_
]!JiF; FIFT '.i::;T !:P;70-....:iSE::E,
:i;.i::i:fl_: FIFT L:/T '.!:7 @- .i.586
80T i::HZI '.ii;T S,:_.(i:F-i'386
.,:' _tl ....
BASELINE
_i0'.ii:;i£: (:::FIi:::';:i::lli)(i)'--;-:q.@
Li ! 01:::' I::l,.li:i E;T' ::i::6,:i.-!!i:;?0
i0F:' I:::IFT ST 57'Et-.:i.!:![;:!i.'.6
:iii;:[ ]..'ti:: i::IF'"T :i3T !:.5;"I:T.F--i '.5:ii:6
]i:@i i::H:i:) ST E:,.+@__.:i.5"--:6
i:"l ':ii'O..i.
5;'::i"i !:;. 5'
:i.6:'::"4FJ. 1
UOLI.II"IE
(::. (].
i I"I,,
;:i:::i:E:.l.0
":i':39. !11:;
I Sf'E:t. !f;
1N5!:5.7'
%::!i:;!!:.q-
:£;IIF:FFIC:E:
FtF:EA
:!.];@,,FT.
i
'34.. E:
J 4 J_?'. ;::!:
:i.?':31. 1
i ,:-,f:,:-i..4.
2 i00.8
E:9'.:_;:!i!;![.:;,, ::3 8:E:8. 9 69;E::::-:.:3
i
SHRUNK 20 IIJ.FRON B.S. 800
'::i.:Ji',,, ,!:1'. ::i:::ii:li']l ,, Ii!1 I.Ti';-. ,, I::i'.
?' :i.:::,A,, :i 4.::',':_.5; .i q.i ;':',,8
...... :, , . ,::: :I.!:::t.:',i . :.:: i ]" h :,i-:.,
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The third assumption made in this TPS model was that all the aerosurface
areas would be calculated outside the module and that they would be input as total
projected areas along with their appropriate airfoil constants. These airfoil
constants can be obtained from Figure 3.3-15.
AIRFOIL PERIMETERSNACASERIESO0
EXAMPLE:
WHENC = 48" & T/C = 0.12
1.93+ 35. r'---
P = (---F_--) 48.= 17.72iN. %C----
STATION %C
CHORDLINE
P=(p+STAIN%C)*C
100
0 10 20 30 40 50 60 70 80 90 100
%C.
FIGURE 3.3-15 AIRFOIL PERIMETERS
The perimeter of the airfoil is calculated from the point of intersection of
the chord line with the leading edge radius,back to the station in question by
taking the value of p from the curves (or by extrapolation) and substituting it in
the equation P = (p + Sta. in % C) x C. To obtain the perimeter between two
stations, take the difference in the calculated values of P for each station.
After obtaining the total wetted area of the aerosurface in question, the leading
edge wetted area is simply a percent of this area. Like the body, the aerosurface
area sections have been constrained. Figure 3.3-16 shows the two aerosurface
sections considered in this model.
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AREA _ ////_
AEROSURFACE
FIGURE 3.3-16 TPS AEROSURFACE BREAKDOWN
AREA
The wired in provisions for adding miscellaneous constant weights and a
miscellaneous aerosurface control lend additional flexibility to the user who
wishes to include such items as windshields, additional aerosurface controls, etc.,
in the total TPS weight.
Although all TPS weights previously discussed were of an external nature,
provisions have been made for the calculation of internal insulation weights. For
the sake of simplicity, all the unit weights as well as the areas for the internal
insulation weights will be derived outside the program.
Table 3.3-11 is a computer printout of the MDC Orbiter, using inputted body
areas while Table 3.3-12 is a printout of the same Orbiter using the stacked pod
method. Following the printouts is a copy of the respective data files (Table
3.3-12).
Table 3.3-14 is a formalized display of input parameters required when running
a case where the body areas are inputted. Table 3.3-15 is a similar list of param-
eters required when running a ease where the body areas are calculated using the
stacked pod methodology. Following this table is a simplified flow diagram (Figure
3.3-17) and a listing of the computer routine (Table 3.3-16).
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TABLE 3.3-11
ORBITER BASELINE TPS TEST CASE
TPS
ITEM
MO:-;E COME
FND '.';ECT.
CT. SECT.
BFT '.-;ECT.
:BR:-;E
BOIYY' IHT, TF".-;
COH'.STRI"IT
TOTRL BOI]Y
1.41rig
141r_G LE.
TOTRL NIHG
TRIL
TRIL LE.
TOTFIL TRIL
MI'.:; C. '.';,
L FilIZI+.T.II:II::K TF".-;
PROF', TF'C;
F'RIHE F'NP. TF".:;
HYDF:RULIC TP::;
SI_iRF, C.OHT, TF'S
TOTFIL TF"7-;
WEIGHT SIJHMFIR'r'
RRER
54,
1442.
0.
5429.
371'
4774.
299.
799.
C., ,--,
°l ,...
WEIGHT
216.
2531.
0.
10293.
2456.
3476.
275.
19247.
9875.
2792.
11867.
986.
486,
13'92.
8.
:300,
1382.
$'9.
77.
118.
•.:,44, _-.
i. 0:.,0 I 4.2:30. O O. O .$2.0
2. _t,-_O FIRF-:ITEF: E:FtSELIHE TF'::; TEST CFt:-;E
u--:-:. APtFI,4.74. ..,,4..A 1. _":
4.000 O.O0 0.0 0.0
O.
5. AO0 2.97 2E179.0 6.E,
i.:::
E,. CIElO o 0'_;'3 '9. :-: I • 2:--.;
6. 500 (i.0 2.02 2.02
7.500 1.0 0.0 0.0
::-:.:,UO 1.0
':'. %7") :_"
- -- _--.- i_.1 :":,._,c.... 0
1442.0 0.0 0.0 O. 0
I..S-:,. 1. _.__ Ir:,A_- 1,?.SF_.O :":'
:-:710 275.0 1. ',-:'95 251
4:_::9.0 .09'9 4. E,1 O. 0
O. 0 O, I"l :-;476.0 _::00
1:-::':2. :-:9. 7"7. I t :-:
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CF.'3_ F' a ]LUHE '..ALUI'IE SURFflr:E ARER HE I ISHT
HRHE C.C. RF'.EA I-:. G.
CI.I. FT. Ir.l. sc!.FT. iH, L_:.
ltOSE CAP ;:'00-24F_
U TAF' FWD :ST ::J64-57A
TrIP lIFT 'NT 570-t5:--:E,
SIDE RFl '.-;T 570-15',-:6
BAT Ft.IB '.:_;T _4C1-15:-:E,
4.3. ;=' 23F1. rl 54.2 ;"86.7 ;:'57..
7' .L6rl. 1 43'9.5 14.17.8 4,:'5. _ ;:'4:3:3.9
5415:5 IC121.5 1731. I 1047.2 £i IP,.4
- ='='- _ 16;_4.4 1069.4 1'9',-',7 ':416:=v90, 1 1Hj,_,. ,.. ..
576.4 5:':E:.4 :ci0FI.E: 946.9 E,L_5:-Z:.6
TOTAL 29585.3 888.9 6'9;"8.3 888.3 13111.5
TABLE 3.3-12
TPS WEIGHTSUMMARY
ITEM RF'.EA WE!F;HT
.T::OZq'-E',RCE 1:3112.
RA'._=;E ::71. 2478.
_BFEFF'IItT. T'PN :-:4,-'P_,.
C:(JIt'.E;TFIitT 275.
TOTAL _:ozr," 19:341.
L,I HG 4.774. '9076.
WIrlG LE. 299. 2L::II.
TOTAL HIIIL] iI:E:E:6.
TA IL ::_:ETC. 9L::7.
TAIL LE. '-"-' 4C17iT, E' •
TATAL TA[L 1:-:94.
HI:-; C. :_:;. O. El.
LAHZI+]31-1CK I'F' S 30A.
PROF. TF':-; 1::':82.
F'R]ME F'I,JF: -IF':-; qg.
H",'TIRALIL iC: TF'::; 77.
SI_II?F, CCJ/-IT. TF"._.; 1 19.
£, _.- ,2,,2, •TOTFIL. TF.-; - ':""'"
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TABLE 3.3-13
INPUT PARAMETERS
_J. iiO0 0 4280.0 0.0 . ':'.
O. -;:32_6.66 i-:71.0 275.0 I•895
'- "-'5"'._ -i_.:,..,- ...U
2511.8
0.310 l.2:3 439.6 .0'3'3 4.61 0.0
:3476.0
{{m
O e *_%*" - "-.:,.-tt i_.02 0.0 0.0
0. :-':40 0.0 _F':' 8'3..., .,L_ •
O. 500 0 i:_'r_.0 570.0 £00.0
1.000 ORBITER [:AgELINE TPS TEST CASE
2. 000 NOSE CHP 200-240 1 2
:::.000 200. O 0.0 0; 0
4,000 240.0 70.8 102.0
5.000 I_ITOF' FI,Iia'3T :-:64-570 2 4
6.000 :-.'64.0 O. 0 0.0
7. 000 40FI._'_ 26..i 8:-:.0
8. 000 476.0 ieL,.0 120. _z1
9. 080 570.0 0.0 0.0
10.000 [i Ti]F'F[,EIST 240-570 2 6
11. 000 240.0 54.0 ,:.,:,""-'._:
12. 000 :'-'.00.0 65.0 12:3.0
1 :-:. 000 364.0 -':,.,.0- 14:::. 0
14. O110 400.0 70.0 160.0
1.5. 000 476.0 ',:'.0.0 1 "2.0
1E,.000 570.0 19010 2 IEl" E_
17.000 "'lEE Fl,lZI '.-iT240-570 2 E,
I,_ C_OA 240.0 = - ',:-',F_:.0...... _4. M
19.000 :-:00.0 105.0 l_O.fl
2;I.C_00 :::64._-I 150.0 164. fl
21. 000 4n0.0 !45.0 168. El
22. 000 476. Cc 160.0 210. _-_
2:3.000 570.0 i::;0.0 21F_.0
24._f4_t 70P AFT gT =_" _-" 5
..... ,,-LI- i,_,o_, 6
":_'5. C1_-#-i 57EII _iJ 62.0 216.0
26. 000 8On. C 62. ;I 216,.0
27. ;_00 1C_00.0 6,2.0 216.0
28. A00 120A.O_ ='-'.,,_-,.A_ 21E,.P__
2'F.000 14CIA.F_ *"- 0 216,.F_
:'-:0.0£iCI 157'EI. El 0.0 ;3iE.. 0
:;i.00CI '-,Ii,E AFT ,'-iT=_--v-1_,:,t,F,""E, E.
32.000 57VI.0 144.0 216.0
37-:. 000 E:00.El 12'8.0 220.0
34. 000 1000. A 12',E',.0 220.0
.:,'-'=.,.C-10V1....... 12n_:l. _) 1 :-',2. _:1 220. ;_
36ol;t00.... 1 J-F1ft. n 17::',. Fl_ ,_._,,_.:'-":'0
"--" GI,-1A iS7Vt A A.I_ E::':_. Ft
"--I I I .... • -- -- --
:.E::-':.OIIV1]::OT FI,I[I :'iT 24CI-15:-:6 7 E,
3'9. nO0 ;Z:4n. 0 0.0 0.0
40. 000 :3:00.0 6.0 128.0
41.nO0:3E,,_.O 10.0 152.0
42. 000 .;0rI.0 12.0 176.0
4:'-:. 0J_0 -_.76,.0 12.0 ;:00.0
44. OOc1__7_*_.. £i_ 16.0 .:-'16.0
45.000 _:i]TAFT :.:iT '=-- _-'- 7•_,, U- I.-,,:,t, _.,
46.000 570.0 16._-i 216.0
47. OOQ ',E:00.0 .00i ,:: 1E,. 0
4::'..O(.IO 1000. 0 . O0 i 244.0
4'3.0_/K_ i_.:O0.n .001 2.'q.O..-4
gl'l _1_.:11"_ J 4AA. A .001 "'-'" A
.......... c ",C., _
• r'--'-,_.- _ ,- ..],C._!'1 IVIJ ]...,i J. 0 . A_[Il -'"' "'• 0
,'. 3<_/_
300.
118.
8
1 1 0 4.74
40.0 I
40.0 1
1 0 0 1.75
10.0 i
1 88.0 I
1 120.0 I
1 0.0 i
I 0 0 1.75
7 8:3.0 I
7 128.0 1
7 14:",. 0 i
7 24:3.0 I
7 ',-:12.0 i
7 216.0 1
i 0 0 1.75
7 8:3.0 I
7 264.0 ' I
," :::12.0 i
7 C::E:6.0 I
7 384.0 i
7 216.0 1
1 0 _1_ i.,..,-:":'
5 216,.;I I
5 216.0 1
5 216.0 I
5 256. El 1,
5 25E.. 0 I
5 21E,.CI i
I 0 0 1.22
7 4:"2.0 I
7 440.0 I
7 440.0 1
7 441._1.0 i.
7 45E..O 1
7 456.61 1
i O 0 2.97
5 0:0 1
i 128.0 i
i 152. ,zI 1
1 176.0 hl
1 200. ;* 1
1 216. E_ 1
I 0 0 2.97
1 216.0 1
I 21E..0 1
I 220.0 1
1 220.0 I
I. 2:?.2,0 "i
1 2:::2.0 l
•059
0.0
1.0
1.0
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FORMAT COLUMN NAME
20A2 1-40 NAMEFL
IS 1-5 SPDM
FI0.0 6-15
FI0.0 16-25
FI0.0 26-35
FI0.0 36-45 _LLTPS
FI0.0 i-i0 NCTPS
FI0.0 11-20 NCA
FZ0.0 21-30 FWDTPS
FI0.0 31-40 FWDA
FI0.0 41-50 CTTPS
FI0.0 51-60 CTA
FIO.0 61-70 CSTPS
FZ0.0 i-i0 CSA
FI0.0 11-20 CBTPS
FI0.0 21-30 CBA
FIO.O 31-40 ATTPS
FI0.0 41-50 ATA
FZ0.0 51-60 ASTPS
FI0.0 61-70 ASA
FI0.0 i-i0 ABTPS
FI0.0 11-20 ABA
FI0.0 21-30 BASTPS
FI0.0 31-40 BASA
TABLE 3,3-14
CARD INPUT FORMATUSINGINPUTTED AREAS
DESCRIPTION
ist Card
Information to he printed out as heading.
Counter for area calculations
i Inputted area
0 Stacked pod areas
SWI Initial baseline projected area
SWC Projected area resulting from change to
baseline
WSI Baseline W/S on which TPS unlt weights
are based
Orbiter landing weight less orbiter TPS
weight
2nd Card
Nose cap TPS unlt weight
Nose cap area
Forward crew compartment TPS unit weight
Forward crew compartment area
Center top TPS unit weight
Center top area
Center side TPS unit weight
3rd Cart
Center slde area
Center bottom TPS unit weight
Center bottom area
Aft top TPS unit weight
Aft top area
Aft slde TPS unit weight
Aft side area
4th Card
Aft bottom TPS unit weight
Aft bottom area
Base TPS unit weight
Base area
UNITS
N D
ND
2
FT
FT 2
LB-FT 2
LB
LB-FT 2
FT 2
LB-FT 2
LB-FT 2
LB-FT 2
FT 2
LB-FT 2
FT 2
LB-FT 2
FT 2
LB-FT 2
FT 2
LB-FT 2
FT 2
LB-FT 2
FT 2
LB__f 2
FT 2
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TABLE 3.3-14
CARD INPUT FORMAT USING INPUTTED AREAS (Continued)
FORMAT COLUMN NAME
FI0.0 41-50 TPSCON
FI0.0 51-60 WGTPS
FI0.0 61-70 WGA
FI0.0 i-i0 WGPLE
FI0.0 11-20 WLETPS
FI0.0 21-30 TLTPS
FI0.0 31-40 TLA
FI0.0 41-50 TLPLE
FI0.0 51-60 TLETPS
FI0.0 61-70 MCSTPS
FI0.0 i-i0 MCSA
FI0.0 11-20 WACON
FI0.0 21-30 TACON
FI0.0 31-40 IBA
FI0.0 41-50 IBTPS
FI0.0 51-60 IBC
FI0.0 61-70 LDA
FI0.0 i-i0 LDTPS
FI0.0 11-20 PROA
FI0.0 21-30 PROTPS
FI0.0 31-40 PROC
FI0.0 41-50 PPC
FI0.0 51-60 HYC
FI0.0 61-70 SCA
FI0.0 i-i0 SCTPS
DESCRIPTION
TPS constant weight (windshield, etc.)
Wing TPS unit weight
Wing total projected area
5th Card
Percent of wing total wetted area that is
leading edge
Wing leading edge TPS unit weight
Tall TPS unit weight
Tall total projected area
Percent of tail total wetted area that is
leading edge
Tail leading edge TPS unit weight
Miscellaneous control surface TPS unit
weight
6th Card
Miscellaneous control surface area
Airfoil perimeter conversion factor
Airfoil perimeter conversion factor
Internal body TPS area
Internal body TPS unit weight
Internal body TPS weight input constant
Landing and docking TPS area
7th Card
Landing and docking unit weight
Propulsion TPS Area
Propulsion TPS unit weight
Propulsion TPS weight input constant
Prime power TPS weight
Hydraulic TPS weight
Surface control TPS area
8th Card
Surface control TPS unit weight
UNITS
LB
LB-FT 2
2
FT
LB-FT 2
LB-FT 2
2
Fr
LB-FT 2
LB-Fr 2
FT 2
ND
ND
FT 2
LB-FT 2
LB
2
FT
LB-FT 2
FT 2
LB-FT 2
LB
LB
LB
FT 2
LB-F]72
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T_L TABLE 3.3-15 oI) AREAS
CARD INPUT FORMATUSINGSTACKEDPODAREAS
FORMAT COLUMN NAME
20A2 1-40 NAMEFL
IS 1-5 SPDM
FI0.0 6-15 SWI
FI0.0 16-25 SWC
FI0.0 26-35 WSI
FI0.0 36-45 _LLTPS
FI0.0 i-i0 BASTPS
FI0.0 11-20 BASA
FI0,0 21-30 TPSCON
FI0.O 31-40 WGTPS
FI0.0 41-50 WGA
FI0.0 51-60 WGPLE
FIO.0 61-70 WLETPS
FI0.0 i-i0 TUTPS
FZ0.0 11-20 TLA
FI0.0 21-30 TPLPE
FI0.0 31-40 TLETPS
FI0.0 41-50 MSCTPS
F10.0 51-60 MSCA
FI0.0 61-70 WACON
FI0.0 21-30 TACON
FI0.0 31-40 IBA
DES CRIPTION UNITS
ist Card
Information to be printed out as heading. N D
Counter for area calculations N D
i Inputted area
0 Stacked pod areas
FT 2Initial baseline projected area
Projected area resulting from change FT 2
to baseline
Baseline W/S on which TPS unit weights LB-FT 2
are based
Orbiter landing weight less orbiter TPS LB
weight
2nd Card
Base TPS unit weight LB-FT 2
Fr 2Base area
TPS constant weight (windshield, etc.) LB
Wing TPS unit weight LB-FT 2
Fr 2Wing total projected area
Percent of wing total wetted area that is %
leading edge
2
Wing leading edge TPS unit weight LB-FT
3rd Card
Tail TPS unit weight LB-FT 2
Tail total projected area FT 2
Percent of tail total wetted area that is %
leading edge
Tail leading edge TPS unit weight LB-FT 2
Miscellaneous control surface TPS unit weight LB-FT 2
Fr 2Miscellaneous control surface area
Airfoil perimeter conversion factor N D
4th Card
Airfoil perimeter conversion factor N D
Fr 2Internal body TPS area
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TABLE 3.3-15
CARD INPUT FORMAT USING STACKED POD AREAS (Continued)
FORMAT COLUMN NAME
FI0.O 41-50 IBTPS
FI0.O 51-60 IBC
FI0.0 61-70 LDA
FI0.0 i-i0 LDTPS
FI0.0 11-20 PROA
FI0.0 21-30 PROTPS
FI0.O 31-40 PROC
FI0.O 41-50 PPC
FI0.0 51-60 HYC
FIO.0 61-70 SCA
FIO.0 i-i0 SCTPS
15 i-5 SPT
FIO.0 6-15 DIFF
Pl0.0 16-25 BSST
FIO.O 26-35 BSSK
20A2 1-40 NAMEFL
15 41-45 NPD
IOA2 1-20 NAMEPD
15 21-25 NGR
DESCRIPTION
Internal body TPS unit weight
Internal body TPS weight input constant
Landing and docking TPS area
Landing and docking unlt weight
Propulsion TPS Area
5th Card
Propulsion TPS unit weight
Propulsion TPS weight input constant
Prime power TPS weight
Hydraulic TPS weight
Surface control TPS area
Surface control TPS unlt weight
6th Card
Counter for stretching or shrinking vehicle
+ Stretch from B.S. BSST
0 No change in vehicle length
- Shrink from B.S. BSSK
Length vehicle is to be changed (positive
numb er)
Body station at which you wish to start
stretch
Body station at which you wish to start
shrink
6th Card
Information to be printed as heading of
output data
Total number of pods or Pod Master Cards
(15 maximum)
8th Card
POD MASTER CARD
Title information for each llne of pod
volume and surface area data.
Successive integers on which pods are
totalled for data printout (first pod
numbered i)
UNITS
LB-FT 2
LB
FT 2
FT 2
2
F£
LB-FT 2
LB
LB
LB
FT 2
2
Fr
ND
IN
IN
IN
N D
N D
ND
ND
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TABLE 3.3-15
CARD INPUT FORMATUSINGSTACKEDPOD AREAS(Continued)
COLUMN NAME DESCRIPTION
26-30 NIF Number of inflection points or Pod Data
Cards to follow each Pod Master Card
(not larger than 15)
I5
I5
31-35 NMP
36-40 MFO
FI0.0 46-55 TPSUWT
FIO.0 i-I0 FS
FI0.0
FI0.0
15
FI0.0
I5
11-20 A
21-30 B
31-35 ISH
36-45 RED
46-50 ICN
Multiplier so as to include the number
of these identical pods used (positive
or negative)
Forward face of pod as part of total
pod surface area:
Included in surface area 1
Not included in surface area 0
Removed from surface area -i
TPS unit weight per pod
9th Card
POD DATA CARDS
Reference axis coordinate of pod inflection
cut
Maximum depth of pod cut
Maximum width of pod cut
Shape code of pod cut
Redundant perimeter between this and
other pods when restacked
Dummy redundancy integer to establish
whether redundant perimeter (zero or
greater) is used in redundance analysis
REPORT MDC£0746
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_ITS
ND
ND
ND
LB-FT 2
IN
IN
IN
ND
IN
ND
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I I 'NPUT-DATAI I
,,,
I NO I _POD AREA'S//"
I ...... . \ /
' F YEsI
I I CALCULATE I CALCULATE _ ]CALCULATE
I I_ooY TPS WTS I BODY AREAS _ n_NK Y'_ ALTERED BODYI BASED ON I AND BODY TPS " _/'F-HiCZE/"" - IAREAS ANDI INPUTED AREAS WEIGHTS _ I BODY TPS WTSI
, _ ,--1 I I
,fI CALCULATE I
1. BASE TPS I CALCULATE
I 2 WINGTPS I I BASE TPS
I 3 VERTICAL TAIL TPS
I _ 4. INTERNAL TPS I 2. WINGTPS3. VERTICAL TAIL TPS
I A. BODY I _ 4. INTERNAL TPS
B. PRIME POWER I A. BODY
I C. HYDRAULICS I B. PRIME POWER
I D. ETC.
I I C. HYDRAULICS
I I D.ETC.
'
I I
I I
I NO NO
I I ' ITERATI
' ' , I ]I IYES .]OUTPUT ]_. YES
vlTOT VEH TPS WTI j
FIGURE 3.3-17 SIMPLIFIED FLOWCHART
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COPY Y_SMSDEL-TO LP(KjNC|
tw
2"
3m
t=
5=
6= 6
8, 8
9" 9
10 • tO
11 o 11
12 • 12
J__L__J3
tt • it
15 " %5
16 • 16
17 - 17
18 • 18
_lg .___19
20 • 20
Zt -._ 21
22 " 22,000
23 " 23,000
2t " 2WOO00
_ _5 ___25,00Q
26 • 26,0C0
27 _ 27,000
2B • 28,000
2g - 29,000
30 • 30,000
31 ____31,000.___
32 • 32,000
33 • 33,C00
3t - 3t,CCO
35 • 35,C00
36 • 36,C00
38 - 38o003 _0 HAF
39 " • 3_,C00
1,000 IFfXED
h
21000 CeMM_N IIsNP_aNiMEPO(tO*ZO)aNAMEFL|20)aFS($O,20)aA(3OaSO)
3,C00 ...... tlB|3¢a2C}alSH(30*20),ZZI30),RED(3Oa=O),[CN(]O, 2OIjCVK3OJ201
ttO00 2$CWf30*=O)*NMP(ZO),NIF(20)aNGP(20)$WAP(ZO|aVLP(ZO)$XWP(ZO|
5_000 _ . 3aXVP(20),HFB{20)IMAF(20|$TPSUWT(20)jTPSWT(20) .....
,000 COMMON/III/T_TLSaBkSA,BASEWT,TPSCBN,BTPSWTeWGTPSA
,OOQ I_P_qLE_jWGLEWT, TW6WT,TTPSA,TWTaTLEA_TLEWT
,CO0 9*TTq_T_HCSA,HCST_S, TOTTPS, fBTWT,LDTWT,PROWTaPPC
,CO0 ..... 3$HYCs_C:"T
,COO I_TF_ER $PTo_POH
,CO0 REAm(5;_70) SPDH#S_I,SWC, WSI_OLLTPS
,CO0 T_TTPS'tCOO_
,COO ]_{$P_M,EC},_L__.T_3 ................................
,COO G_ TB I_C0
,COO ___ .... REA_(%_BO| BASTP$_BASAÁTPSCSN_WOTPE_W_A,W_PLE#WLEIP_ .............
,000 REA_(5,_O) TLTPS_TLA, TLPL£.TLETPS, MCSTPS, MCSA,WACON
,COO ..... REA_(5,8_O) TACgN, tHAj|_TPS,|BCaLDA,LDTPS, PRSA
,CO0 RE_O(5_=kQ) PRBTPS_PROC/PPC,NYC/SCA/SCTPS
=000 O_ 10 J'1,30
,CO0 ...... FS(J,I).O_
BIJ, I)•C,
REO(J,I}.O,
CWIJ_I).O,
...... ISH(J,I)mQ
10 ICNIJ, I).O
......... ZZ( |'0,
VLP I)mum_
X_P I)'_,
.... XVP I)'C=
NMP I)•O
....... NIF I)'__
N_P I)oC
...... READ(5_90) SPY,DIRF_BSSY,BSSK ....
tO •
t2 •
__3 •
tW •
_5 •
W7 •
tO,CO0 READ(5_900) NAMEF_NPD
_I,C00 De 50 I.I_NP_
_2,C00 R[AblS,_OII(NAMEPDiJai|#J,I_IO).NO_I|I.NIRII|,NM_(II,MfOIII_MAf|I|
___._3,0CO______hTPSUWT(I_
_t,O00 NIP._JIF(1)
kS,0OO DO 3G K.I_NIP
t6,CO0 RE_0(5,902l rSIK*||_AIK, II,BIK, II,ISNIK, I),RED|K, II_ICNIK;|i ......
W7,CO0 ...... IF(SPT} 38,30*39 ...................
t8,000 SA |rIrSIK, II,G_,BSSK} FSIK_IIIF$IK_I)_OIFF
50 • 50,0C0 ]9 Ir(rs(K,I),GI,BSS?| FSIK_)mFSIK_II-*DIFF
51 • 51,000 3__ CBNTINU_
52 • 52,000 50 C_ktTINIJE
53 • . 53,000 . D3 9_ II_I*NPD ...........
5_ • 5t,OCO NIP._IF(II) '
_ 55_.,..___55,00Q________G_I_.l_IP____
56 • 56,C00 60 ZZ(I)'_(I*III
57 • 57,0C0 CALL ARRFIL ...........
5_ - 5B,O00 OB 70 I'I_NIP
59 " 59,000 .All+Ill_Zilll .....
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60 " 60*000 70
6L = 61.000
6E • 62,000
63 " 63,000 80
65 • 65,000
66 • 66,0_0
67 • 67.000 90
6_ " 69,000
69 I 69,000
70 - 70,C00
7% • 71,0C0
7_ • 72,000
73 • 73,000
7_ • 7_,GCO
-7_ C175,C00 ....
76 " 76.000
77 • 77,C00
78 • 7B,O00
73 • 79,000
83 * @0,000
81 - 81,000
8_ • 82,000
83 • 83,000
8_ • 8_,000
8_ • 85.C00
8_ • 86,000
87 - 87,000
88 • _R,CO0
89 • 89,000
9_ " 90,000
91 • 91,000
92 • 92,000
93 • 93,C00
9_ - 9_,000
95 • 95,C00
96 • 96,C00
97 • 97,000
98 - 98,003
99 • 99,000
100 • 100,000
101 " 101,000
102 " 1C2,C00
103 • 1C3,000
10_ " 1_W,O00 1_7
105 • 1C5,C00
106 • 1C6,000
107 • 107,000
108 • 108,C00 1AO
tOq • 109.0C0
110 • 113,000
111 '--111,CC0
112 • 112,000
113 • 113.000 190
11_ • 11_,C00
115 • 115,000
116 • 116,C00
-Li7-&-'--117,000--
118 • 118,C00 195
119 " 119,C00
lEO • l?C,O00
ZZl!)'B(I_II) ....
CkLL AR_FIL
De 9_O_t,Jz_Nl_
B(IJll),ZZ(I)
CALL RE!IEYE ..................
CALL EGFNER
CALL wS_MBD
C_NTINUE
Jq,% _
dK=_
IrINPD,I E,_) Ge TO $50
100 I;(_GW(JJ),LT,NGP(JK))
VLP(JQ),VLP(JJI_VLP(JK)
XV_(JJ),XVP{JJ},XVP(JK)
X_P(JJ),X_P(JJ}_XWP(JK)
WAP(JQli_JAP(dd)_wAP(J_)
VLB(JK},O,
I;(JK,GE,NPDI G8 78 150
UK,JK*t
68 T8 lO0
_I_O___JF(JK,_E_NPO.)_G__T_ 150
IWO JJ.JK
dK,JK*$
G9 TO 1_0
trio WRITE(6,903} NAMEFL
SPC,O,O
OLANWT.QLLTP_T_TIPS
wSC',LA<_iT2(SQ-fSSWC )
L_5 TLANWT=_LA_WT
DUWT=(WSC/WSI}_e,I_5
TOTLI'C,
T_TL2=O.
TOTL3=O,
_ TO 130
REPORTMDCE0746
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TOTL_=O,
TQTLh'O, ..........
D8 190 I'I,NPD
Ir(VLe(ll,E_,O,} QQ T8 190
lrISPC*EO'O,} 8B TB 157
XY=XVP(I)/VLP{ I)
XZ.xwPiI_-/i'AP(1)
VLPII)'VLP(1)/I?28,
XVP(II'XVP(IIII7_8,
XNP(I)'XWP(IIIIWW|
WAPII),'^APIIIIIWW,
TPSWTIII,_APIIIiTP_UWTIII*DUW?
IC(SP_,E_,O,} TPSwTIYi_TPSWTll)/II4*
Ir(SPC,Ee,C,O) GO T_ 160
WRITEI6,gOWII_AHLPDIJ_I),JeI,tOI_V_PIII_XY_WkPC|I_WZ,TPBWT(I!
TBTLI'T_TLI*VLP(|) ...........
TSTLE,TgTL2*XVP{I)
TOTL3,TOTL3_Xt.._(I|
TBTLLiT_TL_*_:AP(1)
T9TL5"TNTL5*TPS'WT(|) .......
C_NTINLJE
XZ,TBTL3/TBTIA
I=(SFC._O.O_n) GO_Te_!95 .....
_RITE(6,905) TBTLI,XY,TUTLhXZ_T_T_
8ASFWT-PASTP_*BASA_OUWT ...........
I_TWT=I_A*I_TRS+IBC
BTRS_T=TBTLS+BA_EWT+TPS_NeIBTW? ....
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121 • 121,000 ¢ WING TPS WEIGHT
122 • 122o000 WGWA=wGAowAceN
_J23 - $23,000 WGLEA•wGWAtWOPLF ,
12WoOCO WGTPSA,_,'GWA-WGL_A
125,000 ............. W3_T=WGTPSAeWGTPSIDUWT ..................
12W q
125 •
126 - 1P6,C00 WSLEVT,",GLFA*WLFTPSeDUWI
127 • I_7,000 .... _'._T'wGk'T*W3LEWT ................
128 - 12_,000 C TAIL TPs wrIGhT
130 • 130,000 TLZA=TW&*TLPI. E
131 • %31,C00 _ TTPSA=T",,A-TL_A ...............
132 • 13_,000 TaT=TTPSA*TLTPS*OUWT
133 • 133,C00 ......... TLE!"T'TLEA*TLETPS*DUW7 ......
134 • 13_,C00 TTWTmT_rT+TLEWT
_ 135 __135_C00 _S_!_CSTPS,_CS_*nUWI
136 • 136.C00 LDTWT=L_AtLDTPS
137 • 137,000 ........... PR_WT'P_BA*PROTP$$PRaC ....................
138 • 13_,000 SCWT=SCA÷SCTPS
139 • 139,300 _. TOTTPS,qTPS_T÷TWGWTSTTWTSMCIWy ...........
I_0 • l_O,OCO I÷LDT_T+PROWT+PPC+HYCeSCWT
I_2 • I_2,000 WSCmBL_k'TI(SWI÷SWC)
1a3 -1W3,C00 ..... IF(SPL,[¢,I,0) GO Te 1000 ....
ikk • 1W4,000 IF(kBS{TLA_T•_LANWTIoLEooli SPCliIO
1_5 - 1_5,000 GO Te 155
I_6 - IW6.C00 8_0 FOR_T(_FIO,_)
tW8 • t48.C00 8AO F_R'_AT(7FIO,_)
149 • I_9,C00 890 FOR_AT(15_3_OoO) .....
150 • 15C,C00 900 FflRMkT(_OA_a|5)
151 • 151,C00 901 FOR_AT(10AE_SIB_FtooO) ....................
152 • 152,000 902 FeR'_AT(_FIO.O_ISaFiO.O, IS)
15W • Ib_,CO0 &#3_,_SU_FACEI,SX_IAREA_aSX, IWEIOHT_I_XaINAMEle3OXalCo_e!
155
156
157
15._
159
160
161
162
163
164
165
166
167
169
173
17_
173
175
176
|77
178
179
180
181
e
• 160,C00
• 161,000
• 162,000
• 163,C00
• 164,000
____165,000
• 166,0C0
• 167,000
• 1_,000
• 16g,000
• 170,000
IFS,CO0 E,6X_t_REAt_5X_gCoGo_/E5X_ICUoFTog_6X, IINot_$X=IS_mFT=.!
156,000 D6X_I_J,*_6X,_LBo_//)
157.000 90W .FflRMAT(_X$_A_aXIF_IIsF_IisFtOI_$F_I1;FgI1/) .........
156,000 9_5 FBRHkT(/2X, OTeTkLt,13X_Fli.l,F9olaFiOobF9,iaFg.1)
___.159.CO0._!_OQ_CkLL TP_CAL(SPD_Ia_W_aWSIaOLLTP_) ....
STeP
END
SU@P_UT_NE a_RFIL
COMwBN III_PDaNAMEPD(IO#EO),NAMEF_IEO)aFSI3Oa_O)aA.I3Oa_O|.___
laB(_O_20)eISN(3Oa_O)_ZZI30),RED(3Oa_OIaICN(30_O)_CV(30/_O)
3_XVP(20}_M_B(20)IMAF(_O)
NIP,_IF(II)
NIPLm_IP-I
NIPP,_IP+I
DO 5 I"IIRP_30
• i
• 1
• 1
- 1
• !
__'__I
• 1
• 1
• 1
• 1
71,000....__,.,_ZZ(1)_, .......
72,000 1J<=1
73,000 _ Dfl iO I=IaNIP ......
7_.000 Ir(ZZ(1),LE,o,) _ T_ 10 -
75,000 _ IJK'I ..........................................
76,Q00 GO Tff 15 '
78,000 1B IC(IJK,LE,2) G8 T_ 35
79,000 IJJ'IJ<,i __
80,000 V*L,CS(IJK+II)•FS(I,II)
_I,C00 D_ 30 I,_IJJ ....
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18_ • 182,000
183 • -183,000--30
18_ i 18_,000 3q
VALLnFSIIaII)._S(I,II)
|K,IJK+%
185 • 185,000 W0 De 50 I,IKjNIPL
186 • 106,000 . Ir(ZZtl},_T,0,) 00 T8 50 ..............
187 • 187,000 IKK'I
188 " 188.G00 GB TB 60 ...............................
189 • 1_9.C00 50 C_TI_LIE
190 • %90,C00 RETt(RN
-191 • 191,000 60 IKKP,IKK*I
192 • 192,000 IKKLsIKK-I .......................
19] • 193,0OO 09 70 J'IKKP*_IP
19_ • 19_,000 IrlZZld),&E,0,) 00 T0 ?0 ........
195 • 195,000 QK,J
196 • 196oC00 _ T_ 7_
CBNTINUE
G_ TB 8_
DEL-|FS|I_K, iI|'FStlKKLaII|I/|FQIdKm|||,FS(|KKL, i|)|
.....ZZ(I<_).ZZ(IKKLleDr_*(ZZ(JK)-ZZ(|KKL)) __ .
GO T9 _C
80_ VAL,FS(_IP, It)-FSIIKKL#II) : .......
Ir(Vk_,_¢oO,_ RETURN
DB 85 I'IKKaNIPL ....
VALL,_S(_IRIII},FS{I_II)
8_ ZZ(1)'ZZ(IKK!.),VkLL(Yk_ ........
END
SUB_8UTINE R_DEYE
C_HH_N 71_NPD_MEPD(lO#_O)_NAMEF_I20)_FSI30_20)eA(_Ot_O) ....
1_|30_2_)* I Sw| 30_ 20), ZZ (30),RED( 30# 20) a ICN (30_ _0), CV | 30_ _0)
5 _w | 30, PC ) ,NMP ( 20 )_N _r | _0)# NGP ( _0)_ W_P.| 20 b V_PI_0) _ XWP I ZO)
3a XVP [_O);MF_ | 20 ) _ MAF (Z0)
NIP-NIFIII)
LLL,-1
DB %5 I,IINIP
IF(ICN(I_II),GT,Q)
_8 Te 1_
LLL=L_Lal
C_TINU_
Ir(LL_,LE,0) RETURN
09 30 I,I_IKFEP_
GO TO tO
197 • 197,000 70
198 • 19_,000
199 • 199,C00
_00 • 200,000
_01 • 201,C00
20_ " 2C2,000
--203-;-203,000
EO_ • _C_,000
_05 • 2C5,_00
206 " 2C6,000
20? • 207,C00
208 • 208,C00
-209"---209,000
210 • _iO,OOO
211 • 211,000
212 • 212,C00
213 • 213,000
EI_ _ 21_,C00
Elfi " E15,000
21_ • 216,000
217 • 217,000
_18 • _1_,C00
Z19 " 219,000 ....
_20 • 220,000
Ra% • 2_I,000
22_ • 2_,0C0 10
223 • 2_3,000
22_ • 22_,000 1R
225 • 2Z5,000
_26 " 226,000
227 " 227,000
2a9 " a29oCCO
230 • 230,C00 30
231 " 231,C00 3_
232 " 292,C00
--233-;--'233,000
23_ • 23_,000
235 • 235,0C0
@36 " 236,C00
_37 • 237,CC0
_38 • 23_,C00
-- 239--_-'--_3g,000 6_ I_KP, IK<*I
2_0 - 2_C,000 |KKL-|_<-% ................
2_1 - 2_l,CO0 DB ?C J.IKKP. IKEEP;
Pw@ • 2_2,000 .... Ir|WEOlJ__!I),&_,O,| O_.TO ?0 .......
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2_3 • 2_3,000 ........ JK.J ....................
2_ • 2_,000 G8 Te 75
2_6 • 2_6,000 7_ DEL.(FS(IKKa/t).FSIIKKE#ItI)/IFS(gKalII=FS(IKKLalI))
_7 • 2_7tC00 ..... REDtIKK.|I),RED(IKKEjIZ)*DELeIRED(_K. III=RED(IKKI.JI/||
2&8 • 2_=C00 _K•TKK+I
2_q " 2_9,Q00 |¢(I<,LTtIKEEP2) ge TO tO ....
250 • 2_02000 RETURN
25__t_ 251._0o EN_
252 • 252.000 SUbrOUTInE CGENFR
253 • 2F3,C00 ..... CgH=ON 1|_NPD, NAMEPD(IOa20)eNAMEFLIZOI,FS|3OaaOIaA(30=20|
25_ • 25_.000 I*_(_C,2_),ISw(30*20)JZZI30),RED(30_O),ICN(3Oa20)aCV(30,_O|
255 • 255,000 _ PnC_(3Os;O)_NHP(20)mNIF(20)sNGP(20)#WAP(2OIaVLP(20)_X_P(_O|
257 _.... 257.000 ELK[_PL(!_2_O6*X}_6_55)*X+|tt6)eXe_9957
_5_ • E58,000 NIP'NIF (I|)
_59 • _9,000 .... DO 40 Z't'_l_
a60 • 260.000 Ir(ISH(I_IIIoLE,O,RRoISH(I,III,_Toll) GO tO tO
261 - ?Et,O00 .... IF(_(ItI|I,LE,O,| _(I, Ille,O0000t
262 - 262.C00 IF(B(I_III,LE,O,| B(I_l|)l,O0000!
26_ " E6_.OCO GO TB ( ? 1, _, 73. ;_,, ES, 26, P?, E&, 29* 30* 31.32* 33* 3_* 35* 36* 37* 38 ) 0 | CTT
265
266
267
268
269
270
271
272
273
27_
_ 275
276
277
E7B
279
280
_2_1.
2_3
28W
287
;288
289
290
.293
29_
295
296
297
_98
299
3OO
301
30Z
3C3
,_ 265.000
• _66.000
• _ 267.000
• 268.000
• 269.OOO
- 270,000
• 271,000
• _72,000
- 273,000
• 27_,000
2t__ CV(I_II),1, ............
CW(I,II),_,
....... 60 Te ;C ..........
2_ CV(I,II1,,5
C_{l_!l}_,e_tt&ti_11i_tE_B/l_lll*'Kl/.tAihUi*S(t-II)!
GB Te _0
_23 CV(l_ll),,5 .....
. CW(I_/I),(B(I_II)*CCW)II_II_II)*B(I_II)|
G9 TO wO
7__275
• 276
• 277
• 27_
.COO X,B(I*III/_tI,II}
,000 ..... J_(X*_T,1,) X,i,/X .....
,OCO CW(I,II),_,,FLK(X)/IX*t_)
_79,000 ..... GB TO #0 ...................
?aO.COO 2_ CV(l,ll),,78fi
2RI,C00 XX'Bi__JlU_A(I_L[L
EB2,CO0 XIB(I_II)II_,eA(|II|))
28_,000 C'_(I_II),(XX÷EL_IX)*IXX_E,|IIX_t|)II|WXSL=|
2B5.C00 __. GO T_ _C _ ._
• 286,C00 2_
___2fi7.0C0 ____
• E88.OCO
• 289.000 _.
• 290.000
• 291.000
• 292.000
CV(I,lll,,TJ_
X,2.*Bll,ltl/13,+alI,ll))
Ir(x,uT,t,) x,t,/X __
X,_,*u|I,II)/A(I_III .........
ICtX._t.1.) Xmlo/X
_q3_OOO___C2.eEL_(_)_tXX+,5)/(X_+L_J
• 29_,000 C_(T,II)=(CI+C2)/(XX*t,)
• 295,000 .... GO TO _C .......
• a96,000 27 CV(I*II}''987
• 297,000 X'B(I_II)/_{I_II) ....
• 29_,000 Ir{XoST,1,) X*1,/X
_+_ 299,O00+___(I_II|-L,5*t5*EL_IXI_|X_I,|
• 300.000 G5 t_ _C
• 301,000 EA CVII_II),,9W_
• 302,0C0 Xl8(l_II)/_(l_II)
• 303,000 I_(Xl_T,t,) X_t,/X
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30_ - 30W,O00
305 • 305,000
306 " 306,000
307 " 307,000
30_ • 308,000
30q • 3C9,000
310 • 31_,000
311 • 311,000
G_ 7B +0
. 29 CV(|+11).,893
XX'B(|_III/A(IJI])
X.2.+_(Y_Itl/k(lJ|l) .................
lrlXo+T.i') X'I.IX
C_(IaI]).(I.,2,*ELK(X}*(XX+,_I/(X*laI)/IXX*II) ...........
G_ TO _0
312f__312,0CQ . .
313 + 313,C00
31_ • 31_,CC0
315 • 31fi,0C0
31b " 316,C00
317 • 317.CC0
31_ • 31_,C00
--319 _---319,CC0
320 • 3_0,C00
321 " 3ZIIOOO
322 - 322.000
323 • 3_3.000
3_ • 32_,000
-+-325----3E5,C00
326 • 3_6,C00
327 • 3_7,000
32R • 328,000
329 • 329,000
330 • 33C,000
--331 ' 331,000
333 • 332,000
333 • 333,000
33_ • 33%,000
335 " 335,C00
33_ • 336,C00
337 " 3371C00
33_ • 33_,000
339 • 3_9,C00
3_0 • 3_0,C00
3_1 • 3_1,CC0
3_2 • 3_2,C00
30 ,CY(I,!_!L-,_39
31
XX,H(I,II)/£(IaII)
X.w.,e(l_ll|ll3o"k(laII)) ................
Irtx,+t,+,) x,1,1x
C_(IaII),(,5,2,wELK(X)oiXX*,75)I(X*I,))I(XX*II) .........
G9 T_ Wc
X,B(laYl}IAlI,II)
IF{W,_T,I,} X,1o/X
C_(I,II},.5+t,5,£LK(X)IIXiI_)
G_ TB W,:
CV(I,II),,7_A
C].{8(i_II}÷CCwtll_lI,Ill*B(I+II))
X,B(I_II)IA(I_II)
IF(W,_T,I,) X,1,1X
Cw(I,II),.5,C_+ELK(X)I(X*_,)
G% T8 _C
33 CV(I_II},,7_w .............
C3.(B(I,II)+CCW}I(A(I_II),B(I_II))
..... X,B(I,II)/A(I_II)
. l_(X,_T,1,) X=li/X
C_(I_II),C3/_,*_,'ELK(X)I|3,'X+3_)
G_ Tn _ ....
31
C_,_,,S_nT(_CI,II)*,_*BII,II|,*_I/(_|I,!I)*6(I+IIU-
X,8(I_II|I*(liII)
I¢(X,bT.I,) X-l,/X _ -
C.W(I,II|,,B*C_÷FLKIXI/(X*t*)
GB TO wc
--3_3
3_
345 • 3_5,C00
3_6 • 3_.OCO
3_7 • 3_7,0G0
3_8 • 3_8,000
--3_9 • 3_9,C00
350 " 350,0C0
351 • 351,000
352 • 352,000
353 - 353,_00
_--3_3,000- 3.--3-_'-'-CV(I;|I}.,71q
• 3_,CC0 CP,Po,S_RT|_tI+II}**_*B{I,II|,*2II|_I|_II)*@{I_I'|)J
.... X,BtI_II)IA(I+II)
I_(X._T.].) X,1./X
C_II,II)=C2/_,*W,,FLKIX)/13,_X*3_)
GO Te wC
X,B{I_II)/A(I_II)
-- l_(X.bT,t,) X•1,1X
CW(I,II).t,÷+LKIX)/(X*I|)
GO ?e N_
35_ • 35_,000
---355-&--355,000
35& • 356,000
357 • 357,C00
358 •
359 •
360 •
361 "
362 •
363 •
3_W •
37 CV(I,II)I,gw6
+X.B(I_II)/_|I,II)
IF(X,UT.l') X'$.IX
- - CwtI,II),I,S+,5"£LKIXIIIX*I,)
358,C00 GB TR _C ................
3B9,000 3A+- CV(I,II}''5 '
360,C00 CW(I,III'I,÷SORT|A(I#I|)'_* B-Jjj-|U'eI|I|AII_|I)*B(I_II)]
361.000 _0 CBNTINUE
362,C00 CALL CC_ILL .................
363,C00 RETURN
3_,000 ......... E_D ...............................
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TABLE 3.3-16
PROGRAMLISTING (Continued)
36S • 36S,000 SUBqBUT!_E CCrTLL
366 • 366e000--- ..... CBMMBN I|,NP_,NAMEPDIiO,_o)tNAM[FLI2DI,rSI30,IOI'A|iOI_O) ......
367 • __ZeC__O ll_130*2eI,tSHI3_L2_LA_[L3QiAR[D_30i2DI. IC_{3OL:tD-_.V-L3D_-_L--.--
368 • 368i0C0 EaC_i3U/_G)aNMP(2OI,NIF(EO)aNGPI20)aWAP(EOIaVLP(ZOiIXWP(20}
369 • 369t000 ..... 3aXVP(20)JH_ff(20)aMAFL20)
3?0 " 370,C00 NIP,_IF(II}
371 • 371,C00 ...... ]JK_l
372 • 3721C00 IFIC_(IiI|)IGTIOI) GB TB iO
__373_!_ 373,000 Ot3O_.J_21_I_P_
37W • 37WiO00 IJK,tJK+t
375 • 375,C00 ...... Ir(CW'(JiIIIJLT,OI| QB TU 30 ..........
37_ • 376t000 IJmIJK-1
377 • 3771000 ...... _B 20 K,IIIJ ...................
378 • 378,000 Cw(K,II|=CW(IJ(,II}
379 ,.. 379,000 _n C_J_,..II}_TLtJK,_III
3_0 • 3HC,O00 09 TB WO
3_1 " 3B%eO00 30._ _4TI_UE ..................
3AE • 38E,000 RETURN
383 • 3B31OOQ -_0-- ]F(IJKIGEtNI.P| REIURL ........................
38_ • 38_,000 IK,IJK+I
__385 • 3q5,000 I[(C_[I(,IIi.LFeOii OB 7_ A_
386 • 3_6,000 IJK_IQK÷i
_87 "__387i000 ...... GO T_ _9 .............
388 • 388,000 6_ Ir(IK,GE,NIP) GB _8 90
389 • 389,000 .... IKP,I**i
393 - 390,000 DB 80 I*IKPINIP .......................
39_ - 39E,000 lJJi!
393 , 393,000 ...... GO T_ rio ......................................
39_ • 39_,000 BO C_NTINUE
_ 395 • 395,C00 9___00 100 KIIKINIP ............................
396 " 396,000 CViKilliICVtlJ(ill)
39_ • 398,000 RETi.J_N
399 • 399*000 1t0. NEmIJ4-1K ......................
_00 - _O,OOO NB,II'i
_Ot - W_t,COn ....... FP-_(IJKIIII+B(IJK,|II
_Oa • ;02,000 RP,_(IJJ, II|iBiIJJ, III
iO_ • _C4,000 RHilIIJJaIIIiBiI#JiII|
i05 • wcS,00o ...... DE:v'Cv(IOK,III-¢VII_Q, III .................
_06 - _C6,000 D9 l_b K=i,Nr
_Oa • _oa,Ooo XBL-iFSiKK,ITI.rSiIJK, IIIiIIrIliJJ, III.IIIiai, IIII
____09 "__._Og,000___M'I,-X_L ....................
WiO • WiO,O00 IX,I(IJK_III+X_L*I_IIJJIIII,AIIJKIIIII
ill • *t$,O00 ..... BX,B(IJK_III*XBL*IB(IQQilII,B(IJKIIII)
it2 • _i2,000 CWI_K_III,(CW(IJKIIII_FR*X_LMiCW(IQQ, IIIeRPeX#LIIIAXiSWI
_13 • W13,000 _ . ABXiAXei_X ......
_i_ • _1_,000 ]_(DELCV) IEOa130al_O
wiS__._IS,OOO___.LELC_L(KEt.III'C._VtIJJiIIJI_He*E,DELEV'FM/A§X ......
_16 • _16,000 G_ T8 I_5
_17 • _t7,000 130 _V(KKIII)'CVIIJKaII) ...............
118 - W18,000 G9 TB I_5
W19 - W19,000 lkO CV|KK#II)'CVilJKIIII,Xfl_i_EiDE_CVIRMIIBW _
WEO • 4_01000 $W5 CgNTINU_
_2E • _E_,O00 GO TO _
_23 • 4_3,000 RETURN : ..................
WE5 - WES_CO0 SUBROUTINE PBOHOD .
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W_6
_27
_28
130
432
433
TABLE 3.3-16
PROGRAMLISTING (Continued)
• #_6eO00 C%MMBN I I INPDmNAMEPD ( lOa 20 ) * NAMEIrL.(20) mY8 ( 30*t0| eA (30a EO)
' - 427,000 t,B(3-O;20-t;]-SH|30;20),ZZ|30},RED(3OI20|,|GN(30,20)*CV|30*20)
• li21l,O00 2, CW(30i;i(})aNMR(P.OI,NIF(20)FNI]P(ZO|_IWAP_(2_O|iYJ_P_J.2_O|IXWP(..20|
• W_.9iO00 35 XVP (-[0) j MI'B ( 20 } $ MAF'( 20 ) .......
• _30*000 NIPI_Ir(|I) ....
• I131oO00 NIIiLiNIPe I
• 432,0C0 XMaN_W( I I ) ......
• 433,000 AAP,C'
434 • 434,000
"435_-- _35,000
_36 • 435,000
437 • 437,000
43_ • w3_,OCO
k39 • _39,000
4_0 • _0,000
-_41 • _WIoOO0
_3 • 4_3,C00
_5 • N_5,0CO
_ _6 -____5,000
WW7 • N_7,000
W_8 • WW8,CO0
WW9 • 4Wg*COO
_50 • _5O,OOO
1St • 451,000
W52 • W_2,0CO
-453 ;--_3,000--
_54 • 45_,000
455 • 455,000
156 • 456,0C0
_57 • _57,C00
_58 • _58,C00
-_59-6-"_59,_00
160 • 460,000
_61 " 461,C00
462 • 462,C00
_3 • 463,000
465 - 465,C00
466 • W65,000
467 • _67,000
46_ • 46_,C00
469 • _69,000
470 - _70,C00
471 • 171,000
_72 " 472,C00
173 • _73,000
_?i • _7_,C00
475 " _75,0C0
W76 • 476,0C0
"-177"V---_77,000 ....
&?& • _78,C00
479 • W79,000
_80 • _C,CO0
_8! • 481,000
482 • 482,C00
'-_83 • 483,000
484 • 48_,000 7_
&85 • 485,000
486 ? _ 486,000 80_
_x._,Q,
Oe 20 I.iINIPL
D_X,FSII*I_II),rS[IIII) .............................
VLt,AIIilI)*B(I,II)
..... VL_'_|I,II)•_{I*%_II| ...................
VL3,_llilillllqllllli
VCi,_ilt!il!i'lil*Jd.ll
IrieviI,lli,_l,Cv(lil_II)l G_ TB tO
XVV,DIx,,2•I{vII÷I,II)iIVL2iVL3i}_IVLIIiCVIIilI)IYLI)#$11
G% TO 15
I_- VLL,D_x,(EV(I,II},(Z,,V_%ivL2,VL3|,2,,CVIIit_iII,VLI)I_,
xvv,D4,,2,iCY{I,III,IV&I+vL_IV_Iii3,i¢vII*DIII'MLILllIL
1t VLIIIII,VLPIII|IVLL
20___ XVP(II),XVP(IIi*XVV*VLLiFBllIII) .........
VLPII|I,X_*VLR(ill
XVPIII|,XM--VP(II)
Ir(_Me(ll),Lr,O) R_TU_N
O_ 45 I,I,_IPL
Dix,_Siiil;lii_r_|7;iil
P1,CWII,III,IIII_IIIIBII,IIII ...........
--- 12,ewllil,lli,llilil_lliiBlllbllll
WIXi_IXeIPIIP2}I2i
XPPiDAXii2ifPI+2i*P2)/6i
ARFAF'Cy!!,TI)*_iI_!I)*_(I_II)
llEAl'evlI÷i,lliilll÷illliiB(lilllll
_I_iJ_EJ_iJI_AA ....
WIPIII),KIP(IIIi_PB
--- X_P(III,XwP(IIIiXPP,WPP/WPXiWPPeFS(I_II|
lrIRFOII_.!Ii,_T,C, | @ Te _5_
3_ I¢(RE_II+t,II),LTI_,} G8 IO 45
X*P,DAX**21I=EDII_II)/61+REDII*i,II)I3,)
W_P(|I},_AP(II),AAB
X_'P(II),XWP{II|,XAP.AAP'FS(I,|I)
i_ CgNTINUE
ENDMUL,C,
Ir(MFQ(I!I} _5,601_0
50 ENDS=CVI_iIIIelIbIIIIB($,il)
END_UL,E_OSirSiIIlll
GB TO 60
5_ E4DS;_CV(f;ii)TAXI_I]JTBI i# I I I
END_UL,FNOS*_S(ltlI)
60 YET'CVI_IPIIIIelINIB*IIIiBINIP=ll)
70 E4D_,D_r_s_YET'
ENDMUL=CNDMUL_YETi_S(N|Pi|_)
5% TO 8C
ENDS•E_S'YE_ .......
W_PIIII,XM*IW_III!IiENDSI ............
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TABLE 3.3-16
PROGRAMLISTING (Continued)
48? • 4B?*000
488 • 488*000
b,90 •
_91 •
492 •
493 -
_9 o, •
495 •
496 •
.......... xwp_!_t..!_l_x._gj_xw,cl ! |,ENOMUL}_...............
RETURN
END
_90,000 SU8ROUTt_E TPSCALI_PDM,SWIaSWCaWSI,eLLTPS|
491,00_ .... CP,jMHBN.II,_PDaNAHEPD(10,20),NAMEFL(20)mFS(30,20.|.,A_OA20)--
_92,000 I,_(30a20)aISW(33a20)JZZ(30)JRED(30aZO)*ICN(30a20}aCV(30m20)
493,000 ....... _s_2/.(30520)j_IP(2Q)_NIF(20)aNGP(eOIoWAP(20)aVLP(ZO)jXWP.|20|__
_94,oc0 3JXVP(20)_MF_|20)aMAF(20)
_95,¢00 _/__I_I],".T_TLS_BASAaBASEWT_TP$CBNjBTPSWT,WOT_SA
_96,000 t,,_G_T*W_LEhWGL[WT,TWGWT_TTPSA_TWTaTLEA_TLEWT
_97
_98
_99
500
501
50_
503 • 503,
505 • 505,
506 • 506,
_.507..._.__507*
508 • 508,
509 • 509,
510 • 510,
511
• 497,000 _#T.TWT,MCSA,_CSTPS_TOTTPS_IBTWT_EDTW_RO_T_PPC .............
• g98,000 3,_C,sc_T
- _99,000 ___ zO_e;_$19N TITLE(_O) ' ................
• 500,000 .'INTEGER SPOM
• 5C2,000 "REAO(5, qO) TITLE
000 ....... REAO(5_70) NCTPS_N_A,FWUTPS_FWDA, CTTPS,CTA_CSTPS
000 READ(5,70) CS_C_TPS_CBAaATTPS/ATh/STPS,ASA
COO ........ REk_(5mTe) ARTP_,ABAmBABTPSaBASAaTPSCSNaWGTPS, W_A
000 READ(5,70) W_PLEsWLETPS_TLTPS_TLA_TLPLE, TLETPS,MCST_S
000 ..... REA_(5_ZO|_ _CSA,W_CON, TACBNjIBA_IBTPS*IBCoLDA
000 READ(5,70) L_TPS_PRBA_PRSTPS,PRBC_PPC_MYE_SCA
000 .... R£_O(5_0) SCTPS .
000 C W/$ CORRECTIBN
• 5%1,000 ___ BLk_WT,_LLTPS*TBTTPS
• 512*000 WSC,_A_WTt(RWI$$WC)
513
51_ - 51_,000
515 • 515,000
516 • 516,000
517 • 517,000
518 • 518,000
_519 Z_ 5t9,000
520 " 520,000
521 • 521,000
522 • 522,000
523 • 523,C00
524 • 5_4,C00
525 • 525,000
526 " 526,000
_27 - 5_7,000
528 , 5_8,000
529 • 5_9,000
530 • 530,000
53_"_.153_'000 .....
532 • 539,CC0
533 " 533,000
53_ • 534,000
535 • 535,000
536 - 536,000
537 __.537,000__
538 • 538,000
539 • 539,000
5_0 - 5_0,C00
541 " 5_I,000
5_2 • 5_2,000
_ 5_3_t._5_3,0_0___
5_5 • 5_5,000
5_6 • 5_6,000
547 • 5_7,000
CTWT=LTTPS,CT_=OUWT
CSWT,CSTPS<SA,DUWT
CBWT,CHTPS_CB_*DUWT
CTBTABCT_+CSA+C_A
CTeT_TmCT_T+C$_T*CBWT
..... AT_'TuATTFS_AT_U¼T ........................
AS_T,ASTpSa_A_DUWT
_AO_T..eA_T_S,Am_,nUWT
ATeTABATA+ASA+A_A
..... ATgTWT'AT_T+kS_T÷ABWT .....................
_AS_._=_ASTPS_ASA_OUW?
IBTWT'I:}AilPTPS+IBC
_TPSW'I,%C_T+rwDWT÷CTOTWT_AT_TWTeBASEWTeTPS¢ONelBTWT
C WI_ T_ _EIG_T
W3WAu_G_*^kC_%
WGLE*'WG_WGRLE
WGTPSA,_GWA-_GL_A
. _GHTm_GTPSA_wGTPSIDUWT
W3LEWTr.'GLEA*_.tLFTPSIDUWT
C T_IL TP5 NFIGHT
TAA•T6A_TAC_I .............
TLFAmTW_mTLPLE
_TTPS_IT',_'TLEA ................
T_T,TTmSAiTLZPS_DUWT
._.TLE_'T'TLE_*TL£T_eD_T
TTWTuT_T÷rLE_T
..... _CS:_TmHCSTPS*_ICSAeDUWT ..........
L_T4TUL_A'LDTPR
P_OWTmP_A*PROTPS+PROC
D_JWTm(W_C/wSI)**,125
C ___SDY TPS _trI_WT ..........
NCWTmNCTPSI_C_DU_y
..... FNO_TUF!_OTPSIFWOA_OUWY___ .........
v /
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5_8 • 5_8.000
5_9 • 5_9,000
550 • 550,000
551 " 551,000
55_ • 552,000
553 • 553,000
55_ • 55_.000
555 • 555,000
55_ • 556,0C0
557 • 557,CC0
558 • 558,000
559 • 559,000
560 " 560,000
561 • 5el.COO
562 • 5_2,030
563 • 563,CC0
5_ • 56_,0C0
565 • 565,000
566 • 566.C00
567 • 5e7,003
56_ • 56_,C00
2R
3O
_0
TABLE 3.3-16
PROGRAM LISTING (Continued)
SCWT.SCx*SCTPS
TOTTPS•_TPSWT÷TWQWT_TTWTsHCSWY
8LA_JWT.gLLTP_TgTTPS
WSC,gLA_T/(_WI+Swc)
Ir(ASS(TLA_WT._LAN_T),L_mI,} SO 70 30 "
S_ TA 5
I_(SPUH.GT.C} 8_ Te 30
_RITF(6,!O0)
WQITE{&,_O0)
WRITE(6.800| TBTL5,BASA_BASEWTAIBTWTJTPSCONaBTPSW7 --l&
G9 78 W_
_RITEI&,90Ol TITLE __
W_ITE(6, tO0}
WWIT[|6.2CO)
I_ATnTA, ATgTWTaBASA,BASEWTjlBTWT_TPSCBNjBTPSWT ..........
WRIT[(6,400) _GTPSA,WGWT_WGLFA,WSLEWT_TWGWT
_ITEI6,LGO) TTPSA,TWT_TLEA,TLE_T#TTWT ..............
W_IT[(6,600) MCSA_CSTPS
W_IT_(6,650) LDTWT.PRBWT,PPC,WYC,SCW_
569 & 569,000 ---
570 • 570,000
571 • 571,C00
572 • 57_,C00
573 - 573,C00
57w • 57_,CC0
- 57_ ,-575,0C0
576 • 576,0C0
577 • 577,C00
57_ • 57_,000
579 • 579,000
580 " 5_0,800
581 - 5_I,000 _0
5a3 • 5_3,C00 500
58_ • 5_,000
5_5 • 585,000 600
586 • 5_&,COO 6RO
587 • 5_/,COO
5_ • 5_8,C00
589 • 5_9,C00
590 • 590,0C0
591 • 591,C00
592 • 592,000
593 - 593,C0_
59_ • 5_,C00
595 " 595,0C0
596 • 59_,C00
--- WRITE(6.TOO} T_TTPS
90 FBWHAI(PCA_) - .
_0 Fg_AT(/I_3SX_ITPS WEIUHT SUMMARYI|
3_0 F_R'_ATII,2_X,_N85E CONE_,5X,F$O,O_5X_FIOeO_/_X_
lIF_n _ECT,_,RX,CIO.O,LX_FiO,O,/_6X_tCT_ SECTill ........
25X_FIO,S_5X_rIO_OI/_P6XII_FT 5ECTeI_SX_FiOeO_LX_
3FIO,O_/,?6X,_BASE_IOX_I_,O,5X_FIOeO_/*_6X_ _ _.
_I_DY I_,T_ TPS_,i6X_FIO,O,/,?6X_ICONSTANT_EIX,FiO,O
5_21,26X,tTOT_|, _OYlm19X_iO_3)
I'_'I_G LF,',6X,rIO,_,RX,_IC.O,//,26X,;TOTAL WIN_;#IgXI_i__
F_R'_AT(/,_X,_T*IL_IOX_FiC,O_bX_FIOIO_/_6X_
ltTAtL LE,_,&x,F.lO,e_SX_FiC,O,//_26X_ITOTA_ TAIL_IIgXaFSQ,O}.
FgRr_AT{/_P_X,ILkNO_DBCK T_SI_ILXaFiO_Oa/la26Xa
_IpRgp, TPSI,_OX_F$CoC_//2AX_IP_IHE P*R TPSI_16X_FlOeO
2a//_6X,'_YD_&ULIC TPS_aL6X_FlO_O_//26X_ISURFe CONTI TP$ !
3_I_X,_13,0)
700 FgR_AT(//126M#_T_TAL TPSI,POX_IO_O//) .__
800 FgR_AT(I,_6X, I_qDY._ASEI_POX,rlOIO_/_26XaI_ASEI_IOX_F_O|O_
........ 15X_F_O,O_/_AX_I_gDY |NT_ TPSI#16X_FtO,O_/#_6XII_N_ Nt_.
2_IX,FIC;.O_/I_26X, ITOTA_ B_DYf_Igx_FIOeO}
900 FBR_I*T(//_pgx,_oA_)
RETURN
END .....
i
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3.4 Landing and Docking Model - The Landing and Docking Model includes the
main and nose landing gear, deceleration chutes, interstage separation systems,
and cargo handling gear.
3.4.1 Landin$ Gear - The main landing gear configuration used in the develop-
ment of weight equations for the shock strut cylinder and piston is shown in
Figure 3.4-1. The dimension L5 locates the inboard and outboard wheel reactions for
either two or four tires. The axle transmits the wheel loads to the piston
which transmits its load through sliding bearings to the cylinder. The cylinder
transmits its load to the side brace link and to the fuselage attach points. All
the ground drag load is carried to the aft fuselage attach fitting.
The critical sections for the cylindrical members are designed primarily by
bending. It can be assumed that these members fail through exceeding an allowable
modulus of rupture in bending (Fb). The value of Fb depends on d/t. Figure 3.4-2
presents curves from MIL-HDBK-5B for low-alloy-steel tubing. An expression for
cross sectional area was derived as follows:
M
Fb =
where Fb is the bending stress, M is the bending moment, and S is the section
modulus
Fb Fb
-- =-- , and Ftu
where = Fb , C1 Ft u
M
S =
CI Ftu
is ultimate tensile strength.
Even though bending is the overwhelming design condition, an allowance for
other stresses can be made by using a value of _ equal to one.
S = -Ir(R_R" rb') ; r = 'd/td/t2 R= K, R
where R is the outside radius, r is the inside radius, d the outside diameter,
and t the tube thickness.
]
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L C
VA VB
L1
I I
-J
VR
DB
L4
I
STATIC GROUNDLINE
LS
I
OUTBOARD
VCVA + VB
-.-.4 _ ;
.--L 5- -- .,---L5--..
INBOARD
FIGURE 3.4-1 MAIN LANDINGGEAR
500
4OO
%
300
z 200
,,=,
lO0
Ftu =
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/ 260K/IN2
...------ 240K/IN2
""---'- 220K/IN2
_200 K/IN2"
_ 180K/IN2
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150K/IN2
------- 125K/IN2
95 K/IN2
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0 10 20 30 4"0 50 60
D/t
FIGURE 3.4-2 BENDINGMODULUSOF RUPTURE FOR ROUNDLOW-ALLOY-STEELTUBING r
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For the cross-sectional area of a tube is
A = _(R 2 - r 2) = _R2(I - KI 2)
The required cross-sectional area for a tube in bending becomes
A = kRb _tu) =C I (i - KI)_ (i - KI2)=
Not dependent on d/t and input Dependent on d/t or
for each case. constant.
It was determined that a reasonable range of d/t values for landing gear
would be 15 to 30. The variation in area to d/t is shown below:
1.4
13
u__ __. 1.2
1.1
i i i
-13%
I M 12/S
1.0 K= --
Rb Ftu I
o ]
0 5 10 15 20
d/t
I
I
I
I
I
- A= Ka
Ftu = 280 K/IN2
25 30 35 40
Using d/t = 20, areas will vary less than i0 percent in the range of d/t's
required. For this d/t, a value for
Fb
CI = F
tu
of 1.21 yields only a 2.5 percent variation in area for all the F
tu
Figure 3.4-2. The required cross-sectlonal area reduces to
values in
A = 1.26
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Shock Strut Cylinder Weisht Equation - Figure 3.4-1 presents the loading diagram
and gear geometry.
Cylinder Tube - The critical tube cross section is at A.A, and loading
is based on braked roll with 20 percent imbalance between inboard
reaction (Vl) and outboard reaction (Vo) (i.e., 40-60 percent distri-
bution of load). Ultimate loads are:
DR = 0,4 WG (1.4) and V R = 0,5 WG (I,4)
where W G = greater of the maximum design gross weight or 1.2 times landing
design weight
VO = 0.6 VR ; V I = 0.4 VR
vc = _ Vo(L5 + L8) - VZ(L_ - %)
SC = re/tan @
VA * V_ --VR ÷ Vc
,:{ [,.,,- (,+,,>
V B = VR + V C +V A
MA. A = 0.5 L I (VA + VB) ,L 4 DR
The area of the cylinder is
MA_ A ) 2/3
A C = 1.26 .85 Ftu
and its weight
AC
radius of cylinder = RC .19
W C = AC (LC - L 2) 0.283
Cylinder Pivot Arms (Drag Brace)
Forward Pivot - The critical cross section is at A-A (where arm
attaches to cylinder), and loading is based on reverse brake roll
(i.e., VA has same value as VB for a brake roll).
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Axial Load = PA = (VB cos ¢ + SC sin _) sin B
L2 + L 4
where tan 8 =
LI
Length of pivot arm = LA = (.5 L 1 - Rc)/COS 8 cos
M = (VB cos _ + SC sin _) cos (LA)side
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Mfron t = (VB sin ¢ - SC cos _) LA
= 2R--J
Y
l I
, t
d1 d
S X --
b (a3 _ _13)
6a ; d _ 9; b =2_RC-9 sin
SX _ (2 RC - iO sin _)(.729 -d13)
54
allowable compressive stress = FC = Ftu
_':slde 3 _4.:_side
SX - FC ; dI 729 - FC (?_Rc . 9 sin _)'
gv _ d4(_qC)2 :'_ront 6 Mfronl_
6 FC ; d4 - 4 Rc_ FC
area of forward pivot = AF = [d- (dl- d4)b __
Web
It is assumed that the web provides enough area for the axial load.
The weight of the forward pivot arm is
WFA = 1.05 AF LA (.283)(.5)
Aft Pivot - Axial load and Mside change from Fwd pivot values for
a braked roll.
:'Isidc =_ [(VB cos _ -_ SC sin _) cos _ - DR sin_]LA
d_3 54 M' side
= 729 - FC (2R - 9 sin _)
area of aft pivot = AA = [d - (d'l - d4)] b , (d,l _ d4 )
Web
The weight of the aft pivot arm is
WAA = 1.O5 A A LA (.283)(.5)
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Shock Strut Cylinder Weight -
WSC = W C + WFA + WAA
Shock Strut Piston Weisht Equation - The critical tube cross section is at
the lower bearing for a braked roll. The moment at this point is
Mp = DR (LS - L C)
The area of the piston is
and its weight
Ap = 1.26 --
Ftu
2/3
Wp = 1.5 _ LC (.283)
where 1.5 is a factor which includes bearings and lug end.
The brace weight was taken to be
BRACE = 0.i * WC
where BRACE = weight of the brace (ib)
WC = weight of the shock strut cylinder (Ib)
Brakes - The standard kinetic energy relationship for heat sink material
versus energy was used for the brake system on the main gear. The aircraft in the
correlations used steel as the heat sink, and the brake weight was kinetic energy/
200,000, where 200,000 is the coefficient. Carbon brakes, as used in the Orbiter,
require a modification in the coefficient. The steel brakes have an equivalent
stack or amount of heat sink equal to 1.0, and an amount of associated material
equal to 50 percent of the stack, or a total efficiency factor of 1.5. Carbon
brakes have a stack of one, but there is an associated material increase to 90
percent, or an efficiency factor of 1.9. Combining the relative efficiencies of
the two materials and the theoretical carbon heat sink capability of 400,000, the
brake weight becomes
kinetic energy/315,000.
Tires and Tubes - From tire data in Reference J, a relationship between
static load, and tire and tube weight was determined. A plot of this data is s
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shown in Figure 3.4-3. The relationship was determined to be:
TWTT = SL * .006875
where TWTT is the weight of tires and tubes (ib), and SL is the static load (ib).
Attach Fittings - A relationship between weight of the shock strut cylinder
and the attach fittings was found in Reference Q. The relationship was found to
be:
i.i
ATF = 0.06 (TWSSC)
where: ATF is the weight of the attach fittings (Ib), and TWSSC is the total
weight of the shock strut cylinder (ib).
Wheels - From wheel data in Reference J, a relationship between static load
and wheel weight was obtained. A plot of these data appears in Figure 3.4-4. The
relationship was determined to be:
TWH = SL/266.6667
where: TWH is the wheel weight (ib), and SL is the static load (ib).
Axles - From a sample of commercial aircraft, a relationship between wheel
weight and axle weight was determined. That relationship was found to be:
AXLES =TWH * 0.4426
where: AXLES is the axle weight (ib), and TWH is the wheel weight (ib).
Controls - The weight of the controls was obtained using an equation found
in Reference Q. This equation is
Controls = 0.225 (WT) 0"95
where: Controls is the weight of the controls (ib), and WT is the total other
weight of gear (ib).
Nose Gear - For the nose gear, a similar approach was taken to determine
wheel, tire and tube, axle, and attach fitting weights as was used on the main
gear.
The structural weight was assumed to be a percentage of the main-gear
structural weight.
The control weight was determined through the use of the equation
0.95
Contn = (WTNG) * 0.85
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where: Contn is the control weight for nose gear (ib), and WTNG is the total
other weight for nose gear (ib).
3.4.2 Deceleration Chute -The deceleration chute weight is determined
from data used during the Shuttle Phase B effort, and is essentially an analytical
correlation of the Mercury and Gemini systems. The following are the theoretical
relationships:
Drag Chute Y8 = YCP + YR + YCONT + YATT + YCIRC
Chute Pressure
q = .07528
2g
(1.6878 VTD) 2
Number of Risers
= DO_
n 2.5
°
Riser Breaking Strength
S = _ CD (Do)2Q(2.3)
4n
Riser Unit Weight
s_
YCP (Canopy) = .0074 L_C D)
YR (Risers) = n Do t'
R
(Container) = .xa (ycp)
_CONT
YATT (Att Ftng) = .2 (yCp)
_ClRC- Estimated
•57 (Do 2 + 3Do)
YEJECTION - Estimated
NOTE: Pilot chute weight calculated using same equations as drag chute•
where: Do is the effective chute diameter (ft), CD is the chute drag coefficient,
and VTD is the touchdown velocity (knots).
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These equations are combined in ESPER as the simple relationship:
CHUTE = 1.5 *[1.82 *(0.0074 *(.07528/(2.*32.2)
& *(1.6878 * VTD) **2) **.57 *(D*D
& +3.*D) + I0.)]
where the estimated chute diameter and the touchdown speed are the inputs.
3.4.3 Payload Handling System and Interstage Separation - The payload hand-
ling system (manipulator, etc.) is a user controlled device and is considered a
user input. The interstage separation mechanism is not configuration dependent,
and as a relatively complex device, does not lend itself to a simplified weight
estimation relationship, and is also considered a user input.
3.4.4 Model Accuracy - The landing gear model was checked for accuracy by
comparing it with the actual weight of several aircraft of comparable landing
weight and size. The following results were attained:
Aircraft Actual Weight Model Weight
(lb) (ib)
DC-9 2784 2503
DC-7 4028 4169
DC-8 8988 7586
C-124 9162 5612
C-133 8275 8463
NR-Orbiter 7994 8827
This comparison indicates that the model predicts the weight of the four airplanes
an average of 15 percent lower than the actual, while predicting the NR Orbiter i0
percent higher. This variation on the Orbiter could be caused by a reduction in
design service life as compared to commercial type gear.
Table 3.4-1 is a list of input data, representing the NR Orbiter test run on
the landing gear model. The dimensional data is schematically represented in
Figure 3.4-5.
The model in ESPER has a greatly reduced input, listed with only the strut
length,material, landing speed, wheel quantity, and brake type being required.
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LC
LS
FTU
PHI = .00 (DEG)
WE = 215115. (LB)
NUMNT = 2.0
NGR = 79000. (LB)
WG = 215115. (LB)
THETA = 45.00 (DEG)
= 116.93 (IN)
= 280000. (PSI) - material allowable
VSTALL = 150.0 (KNTS)
NUMW = 4.0
- design landing weight
- number of nose gear wheels
- nose gear reaction
- design gross weight
- design landing speed
- number of main gear wheels
MGR
IBTY
VA
LI
= 235000. (LB) - main gear reaction
= 1 - brake/type if 0 is steel brakes
if 1 is carbon brakes
i I
' _;I
I
VB
I
DB
LS
14
STATIC GROUNDLINE
VA + VB
IS_nS B
I
I
I i
m
I
•-,-- L5_Ls--,--
i
VC
I
i
VR OUTBOARD : ! = INBOARD
FIGURE 3.4-5 MAIN LANDING GEAR
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Table 3.4-2 is the test case output for the NR Orbiter. It should be noted
that the main gear weight is for one side only. This is followed by a detailed
listing of the model (Table 3.4-3).
v
TOTAL
TABLE 3.4-2
MAIN GEAR WEIGHT
MAIN GEAR WEIGHT
CYLINDER = 363.24 LBS
F_RWARD PIVOT ARM = 150,13 LBS
AFT PIVOT ARM = 120.84 LBS
BRACE = 56.32 LBS
SHOCK STRUT CYLINDER : 670.54 LBS
BRAKES : 424.79 LBS
TIRES AND TUBES : 1009.77 LBS
WHEELS : 550.78 LBS
AXLES : 243.59 LBS
ATTACH FITTINGS : 75.45 LBS
CONTROLS : 494.81 LBS
SHOCK STRUT PISTON : 283.96 LB.':;
TBTAL : 3753._7 LBS
NgSE GEAR WEIGHT
TIRE_ AND TUBER : 434.50 LBS
WHEELS : 118.50 LBS
AXLE g : 52.41 LBS
STRUCTURE : 171.6(; LBS
ATTACH FITTINGS : 48.27 LBS
CI_NTR_JLS : 495.88 LBS
TOTAL : 1321.21 LBS
v
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1 .000
2.000
3.000
4.000
5.000
NGP, _'C,R,
6.000 & NIINNT,IqTY
7.000 WRITE(IO_,33)
g. O00 AMGI : 0.
9.000 ANG2 : O.
IO.O00 100 LI - O.
11.000 L2 - O.
12.000 L3 O.
13.000 L4 -- O.
14.000 L5 : O.
15.000 L6 - O.
IG.O00 13TY : c,
17.000 L7 : O.
I_.000 hg : 9.
19.000 P : O.
20.000 N[I'I_:T O.
21 .000 _tl_";t,' : O.
22.000 I _PIITC1 )
TABLE 3.4-3
PROGRAMLISTING
REAL LA,Lq,LC,LI,L2,L4,L5,LT,LR,MAA,L3,Lg
REAL MqlDE,'IFR['NT,_qIDEP,Mp,_uMW,MGR,_IGR,_IIMNT
II',_TEGEP .-_DD,YEg/ y /,_J2/ N'I
C" r'NAM,,I.I,,T
& L1,L2,L3,L4,L5,Lg,L7,Lg,LC,LS,D,WG,FTU,PHI,THETA,VSL,WL,NUMW,
2_.000 I F(T!frTA.'IE. A_G I) THRTA :THETA*3.14159/I go.
24.000 I FCP_{I. _E.ANG2) P;{I :PIiI*3.14159/1 _0.
25.000 _'.]q I :TI{ETA
2g. COO _'_G?:PI( I
27.000 IF(tl[Jr<_4T.EC.O.) 'qlIMNT : 2.
2_.000 IF(_][JZW.EQ.O.) _;IlM'4 : 4.
29.000 I_(LI.FQ.O.) LI : LC
30.000 ITCL2.E¢O.O.) L2 : .2*LC
31.000 IrCL_.EO.O.) L3 : .5*LS
32.000 IFCL4.F_.O.) 1.4 : .5*LC
33.00¢ IF(LS.EC.O.) L5 : 25.5
3_-. ODD IF(Lg.E_.O.) Lg:9.
35.,0,00 IFfI.R.Eo.O.) LR : La*TANfPHI)
3g. OCO IFCL7.EP.O.) L7 :Lg+L3/TAN(THETA)-Lg
37.000 IFfD.Eq.O.) P : 9.
3_.000 IF(IqTV.E_.I) q_ T@ 1314
39.090 qRKk'T : (1,,_I,/I2R.?)*((I.Sg78*VSL)**2.)/200000.
40.000 Gr' T9 1315
•'l.CO0 I314 qRK,/T : (':L/12g.g)*f(l.ggTg*VqL)**2.)/,_lSO00.
47.000 1315 C?'!T I _!!IE
123 999 gP -- '_qr_/_!llMt!
44.0n0 ,ITT : qP*.O,q_;g75
aS._qOO T_,/TT : t_TT*_]IIM'd/2o
ag. O00 t}1 gPl2gS.6gggg7
47.000 T'J}( : _r_I*NIIZtJ/2.
a_.(_OO :_'(1 Eq : T'a}{*.44226
49.000 fiR: .5,k':C* 1. 4
s_.O00 PP:.Z*WG*I .a
51.000 UI : .4,V2
59.n00 '0" : .R * VR
_;.009 VR : (I./17)*(VR*(L5+Lg)-VI*(LS-Lg))
3.4-13
MCDONIVELL DOUGLAS ASTROIYAILITICS COMP,_ilVY - EAST
DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORTMDC E0746
VOLUME I
28 FEBRUARY 1973
TABLE 3.4-3
PROGRAMLISTING (Continued)
54.000 SC = VC/TAN(THETA)
55.000 VA - (I./LI)*(LS*DR-((VR+VC),_(LI/2.)))
56.000 VB : VR+VC+VA
57.000 MAA =. 5*LI* (VA+VB)-L4*DR
58.000 AC : 1.26*((MAA/(.BS*FTU))**(2.0/3.0))
59.000 RC = SQRT(AC/.596902GO41G5)
GO.O00 WC : AC*(LC-L2)*.283
61.000 BRACE : .ItWC
62.000 B = 2.*RC-9.*SIN(PHI)
63.000 BETA : ATAN((L2+L4)/LI)
64.000 LA = (.5*LI-RC)/(COS(BETA)*CBS(PHI))
65.000 MSIDE (VB*C 0_ (PHI)+SC*SI N (PHI) )*C I_S(BETA)*LA
6G.000 MFRONT = (VB*SIN(PHI)-SC*CPIS(PHI))*LA
67.000 FC : FTU
66.000 DI , (729.-(54.,MSIDE)/(FCm(2.*RC-9.mSIN(PHI))))**(I./3.)
69.000 D4 : 6.*MFR(_NT/(4.*FC*RC*RC)
70.000 AF , ([)-(DI-D4))*B+(DI-D4)
71.000 WFA : 1.05*AF*LA*.283*.5
72.000 MSIDEP : ((VBtCOS(PHI)+qC,SIN(PHI)),Ci;)S(BZTA)-DR*SIN(BETA))*LA
73.000 DIP -- (729.-(54.,HSIDEP)/(FC,(2.*RC-9.*SIN(PHI))))**(I./3.)
74.000 AA = (D-(DIP-D4))*B+(DIP-D4)
75.000 WAA : 1.05*AA*LAW;.2B3*.5
76.000 MP - DR,(LS-LC)
77.000 AP = 1.26,(MP/FTU)**(2./3.)
7B.O00 WP : 1.5*AP*LC*.283
79.000 TWSSC : WAA+WFA+WC+BRACE
80.000 ATF : .06*TWSSC**I.I
BI.O00 WT = TWSSC + WP+BRKWT+TWTT+AXLES+ATF+TWH
82.000 Ct;_NTR_LS : .225*(WT,W*.95)
BS.O00 WT = WT + C_,NTR_,LS
84.000 THETA2 : THETA*I80./3.14159
BS.000 PHI2 : PHI*IBO./3.14159
86.000 SPN : NGR/N[JMNT
97.000 WNT : qPN*.OOGB75
88.000 TWNT : WNT*_IIJMNT
89.000 W qN : SPN/26G.66667
90.000 AXLN : WHN*.44226
91.000 STN : TWSSC*.40
92.000 ATFN : .06*TWS_C**I.I
93.000 WTNG : TWNT+WHN+AXLN+STN+ATFN
94.000 CC]NTN : (WTNG**.95)*.B50
95.000 WTNG -- WTNG+C@NTN
9_.000 WRITE(I 0B,33)
97.000 WC : WC*1.25
98.000 WFA : WFA*I.25
99.000 WAA : WAA * 1.25
I00.000 BRACE - BRACE * 1.25
101.000 TWSSC : TWSSC * 1.25
102.000 AXLES : AXLES * 1.25
103.000 WP : WP * 1.25
104.000 C_NTR_LS : C_NTROLS*I.25
105.000 ATF : ATF*I.25
IOG.O00 BRKWT : BRKWT * 1.25
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107.000
lOg. O00
109.000
110. 000
1 l 1 .000
112.000
113.000
114.000
115.000
116.000
I 1 7°000
VSL,WL,
TABLE 3.4-3
PROGRAMLISTING (Continued)
TWTT : TWTT*I.25
TWH : TWH*I.25
WT : TWS_C+WP+BRKWT + TWTT+AXLES+ATF+TWH+CONTROLS
TWNT : TWNT*.80
WHN : WHN*,80
AXLN : AXLN*.80
STN : STN*.80
ATFN : ATFN*.BO
C gNTff : CC_NTN*.80
WTNG : TWNT+WHN+AXLN+STN+ATFN+CBNTN
WRITE(IOB,34)LI ,L2,L3,L4,L5,LG,L?,LR, LC,L_,WG,FTU,THETA2,PHI2,
118.,000 & NUMW,NUMNT,MGR,NGR
119,000 WRITE(lOB,105) WC,WFA,WAA,BRACE,TWS.qC,BRKWT,TWTT,TWH,AXLES,AT
F
120.000 & ,CONTReLS,WP,WT
121.000 WRITE(108,106) TWNT,WHN,AXLN,_TN,ATFN,CflNTN,WTNG
122.000 WRITE(108,33)
123.000 I06 F2RMAT(IgX," N(_.qE GEAR WEIGHT',//,.
124.000 & IOX,. TIRES AND TUBE.R : ,F9.2, LBS ,/,
125.000 & 19X,. WHEELS : ",F9.2_" LBS',/,
126.000 & 20X, AXLES : ,F9.2, LBS ,/,.
127.000 & IGX. [ STRUCTURE : ",F9.21" LBS i./, ,
128.000 & IOX,. ATTACH FITTINGS : •,F9.2, LBS ,/,
s S,,,129.000 & 17X, C_NTR_L.q : ,F9;2, LB. ,/,
130.000 & 20X_ T_TAL : ,F9.2, LB, ,//)
131.000 33 F_RMAT(///) .
132.000 105 FC]RMAT(19X, MAIN GEAR WEIGHT',//,17X, ° CYLINDER : ",F9.2,
LBS ,/,
IJJ.O00 _, 8X," F_RWARD PIVOT ARM : ",F9;2," LBS',/,
134.000 & 12X." AFT PIV#T ARM : ,F9.2, LBS',/,2OX," BRACE : ",F9.2,"
I.BS•,/, o •
135.000 _ "T[_TAL SH?CK STRUT CYLINDER : ",F9.2, LBS',/,19X, BRAKES :
,p
[36.000 & F9.2 " LBS',/,
137.ooo _ ]ox,' TIRES AND TUBE_ : ,F9.2, LBS ,/,19X, WHEELS : ,F9.2
LBS ",/,
'138;000 _ 20X, " AXLE q : ",F9.2, ° LBS ",/, IIX, "ATTACH FITTINGS : ",F9.2,"
LBS ,/,
139.000 & 17X,. CP,NTR_Lg : ,F9.2, LB.q',/,
140.000 & 7X, q}(FCK STRUT PISTON : .,F9.2, " LBq',/,
141.000 & 20X," T_,TAL : ",F9.2, LB_ ,//)
142.000 9996 C2NTINUE
143.000 _tITPUT" ARE YgU FINISHED? (Y i_R N)"
144.000 READ 5,ADD
145.000 5 F13R_IAT(33 A4 )
146.ooo IF(Ann.E_.N_) G_ T_ 100
147.000 34 F_RMAT(" LI :',FG.2,"(IN)',GX, • L2 :[,F6.2,
14£,.000 _ (IN) ,SX, L3 = ,F6.2,o(I )•,/, • L4 " ,F6.2,
149.000 & "(IN) ,GX. L5 : ,F6.2, (IN) , X_. L6 .,F6.2, (IN) ,/
15o.ooo _ " L7 ;,FG.2,1(IN)_,_X,[ L_ : J6.2, (IN)',/,
& "
151.000 L . L( : ,F6.2, (IN) ,SX, Lq :.,FG.2,.(IN) ,•I,152.000 WG -'.F_.O, "(LBS)",4X, FTU - ,F8.O, (PSI) ,/,
• " • • • • -- F • •153.000 & 4X TIfETA : F(_.2 (PEG) ,3X, P}YI - , G.2, (PEG) ,/.
154.000 & 4X, VSTALL : ,FS.I. (KNTS) ,2X_, WL : ,FB.0, (LB.) ,I,
155 000 & 4X, NUMW - ,FS.I.IOX, NUMNT.-- ,F5.1./, . .
156:000 & 4X,'MGR :',F_.O,'(LBS)',3X, NGR : ,FB.O, (LB,q) ,//)
157.000 ST_P
158.000 END
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3.5 Propulsion Systems - The estimation models for the propulsion systems are
analytically derived from Orbiter point designs. This section covers the Main
Ascent Propulsion Systems and the Auxiliary Propulsion System. The Airbreathing
Engine System (ABES) is considered a user-dependent system and the weight
is user input.
3.5.1 Ascent Propulsion System - The ascent propulsion model essentially
scales an Orbiter point design, using similar methods as those in the original
analysis.
The feed lines are strength analyzed for the loads derived from the geometry,
accelerations, and propellant densities. Line diameters and valve sizes on the
baseline vehicle were predicated on the elastic response of the feed systems
combined with propellant for the dynamic environment created by the engine start
up and maximum thrust conditions. These system sizes are locked into the program
for the basic point design and are scaled within the program for variations of
thrust and number of engines to maintain constant full-thrust fluid velocities.
Minimum gage criteria is locked into the program, allowing the user a variation
of minimum thicknesses as a function of material. The program then calculates the
weight of the feed lines for the critical parameter of strength analysis or
minimum gage. The weight of bellows, valves, and couplings are based on curve
fits of existing hardware data.
The secondary (by weight) subsystems are scaled by their individual critical
parameters. Changes in concept or approach through a revised point design are
accommodated by revising the input baseline weights and associated parameters.
It is felt that the ratio approach is in accordance with the philosophy of minimum
input for items which are not-major weight driven in the program.
The engine weight is based on a curve fit of actual data. An equation of
the form W = cTX, where W is the engine weight, C is a constant, T is the thrust, and
X is the slope written for a log-log plot of comparable type engines, Figure 3.5-1.
This curve is then "fit" through the basic point design engine weight with the
exponent or slope input by the user.
Table 3.5_i, Input 104, is a listing and definition of the semipermanent vari-
ables representing the baseline point design vehicle. They are listed as separate
inputs in the propulsion model, but are "locked in" the orbiter Module program.
This was done to reduce the number of required input variables in the program and
overall simplification. If it is desired to modify any of these variables, the
respective "card" in the module must be changed.
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I00,000
10,000
----SLOPE= 1
SLOPE = 0.916
I00
1000
E = 1.12
I
SLOPE= 1.225
I
100,000
VACUUMTHRUST - LB
1,000,000
FIGURE 3.5-1 WEIGHT/THRUST RELATIONSHIP
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TABLE 3.5-1
INPUT 104
Variable
Name
BENGNO
BAENG
ESLP
BETHST
BPUTL
BFAD
BPRES
BCHIL
BRECIR
BDIAIN
BPOGO
BDIAD
GES
SUPTF
HDOOR
ODOOR
MISCF
Number of ascent engines in baseline
Baseline ascent engine weight
Slope of line on log log paper thru engine wts
Baseline ascent engine thrust (vat)
Propellant utilization system weight - baseline
Fill and drain system weight - baseline
Baseline pressurization system weight
Baseline chilldown dump lines
Baseline recirculation system weight
Baseline engine inlet diameter
Baseline pogo increment per 02 valve (valve penalty only)
Baseline external tank disconnect diameter (H2)
_ximum acceleration rate
% of valve, duct, and bellows wt needed for supports (as %)
Weight of disconnect cover door provisions LH 2
Weight of disconnect cover door provisions LOX
% of main prop system less engine added for contingency
Table 3.5-2, Input 105, is the listing and definition of the input parameters
which are expected to readily change in order to represent modifications in
configurations.
Table 3.5-3 is a listing of test case input variables. Table 3.5-4 is the
corresponding output. These are followed by a detail listing of the Ascent
Propulsion Model (Table 3.5-5).
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TABLE 3.5-2
INPUT 105
Variable
Name
ETHST
ENGNO
POGO
SPI
HHEAD
OHEAD
HULL
OULL
FTU
RHO
MATL
HCLEN
OCLEN
HELEN
OELEN
CPLGI
Desired ascent engine thrust (vac) each
Number of ascent engines
Pogo suppression indicator POGO = i is yes POGO = 0 is no
Series/Parallel indicator SPI = I is series SPI = 0 is parallel
Height from top of H 2 tank to engine interface in inches
Height from top of 02 tank to engine interface in inches
Hydrogen tank ullage pressure
Oxygen tank ullage pressure
Ultimate strength of duct material
Density of duct material
Min gage indicator (0) none (i) ARP735 & MDACW-STL(2) MDACW-AL
(3) MSFC-AL (4) MSFC-STL
Hydrogen-combined flow-length of ducts - inches
Oxidizer-combined flow-length per side of ducts - inches
Hydrogen-engine hook up - length of ducts - inches
Oxygen-engine hook up - length of ducts - inches
Coupling type ind CPLGI=O is bolted CPLGI=I is Vee-Bolt
v _
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,_:-ii\Jr.;L--3._:_;,_:-:ff._: ,/ ._,;:. ,_.. ::]. :_.;., .... *,,.J_:'41,'_ULJU., '.r'E._L=|U.
--';'Ii)=?'Ib., _,]'=DJ=I:_S.,_CHIL =133.,,i_:_:L;l:1=¢_;b.,_i_;L,',t,',=t/_.
'",_>!J_O = l_)i_._,L}L)IAlp= I'I•s_3E_=3 •__{:P IF=2 b •_ ,HI)JL,:_:b,) •
_))L;Li.'=bL]° ._r.i[_CF= ]0 •
:k
f',F I _'_z b.
I ',)- ? V
I .r_.l:_) ,, _F'.:_i:z.I_COOO._!.:_jI'_U=3.jPb,_Li=! ..,._;_I=U .,,.hHEGL)=")_6 •
;. ,, j,: ',,E.:,_":,_=lt};,.l .._-ilJI. L=6b..'_::iII. L=3Oo.;lt =')bOUO._,:..hU=.RP:6
;. I ;,_ '"_L=I .,HCLF[','-'-_9.,:VCLR;"_=PU.,HELEI\=7"/.,L'tLE_",,=! I,:.,L;,-, ;l:l
/.. ) )LJ
W_STOP_ 0
TABLE 3.5-4
OUTPUT
_' :UP.)L-_I_;i',, _'_.-._C::,.\,l ,t3 /i,_.
F.iXI[_I r,,_.:a 1 I I V J •
,3 I i,1,4z_L 5 I":_ iE, _; 1 2_::.-' •
CURl _ C_L5 /.J ci•
P:,:UPELLA,\, (J_ ILIZ. IO.
_fi",IUPFLL_I\,i bi_l E(_} 4_22.
Ck'ILL l)U_Vi'v O_l_v]_, LINEb U.
_!'E ',/ALVE5 IO_l •
_"K [ 1) :_Y_ J =_.i 2 U ;--__I •
.L)I 5 C :',?.,I', ".L; t b 4 V U •
I.i [ b (; -. L L "_:\ :-:L: J :, 6 1 1 •
3.5-5
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST
DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORT MDC E0746
VOLUME I
28 FEBRUARY 1973
TABLE 3.5-5
ASCENT PROPULSIONMODELLISTING
_bO0.000
9501 .O00
95O2_ .000
9503.000
9504. 000
9505.000
9506 .000
9507 .000
9508.000
9509.000
9510.000
9b I I • 000
9b19_ .000
9b I 3.000
9b14.000
951 b.O00
9516 .000
95! 7 .000
9bl ;'-; .O00
95 i 9.000
9520.000
')52 I .00_)
9522 .O00
9593 .t]O0
9b,75. (3 ()('l
_b_6.009
")b2 / .0o0
%,52 ,_ .000
95?.9.000
9530 •000
9531. 000
Vb3 '_ .o00
9533.000
9634.000
753 D .OOL]
9%36.0t]O
953 t .OU,3
9535.000
9539.000
9540 .000
9541 .000
9542.000
9543.000
9544 • 000
954b. t)r)o
k/b46.000
9547.000
95a_5 .ooo
9549.000
9550.000
9551 .000
9552.000
9553.000
9554.000
9bb_,O'OO
i'.A:,lb:L I b i o
BKNJNt). _A_'.i\6. K JLP. 4El Ha I • _trdJ I L, :J;ab. !SH,_hb.,,
_3Ck{IL,4<I::CI {, _!JIAIN,6PCjU,'JUIAU,GK_,_UI;IK,HU_D_rt,
£ .'Jl;(&<, _! I SEE,
_,[':1H_I, _(kJhU,J'O]t, >I_I,H_}z]AL), U_KAD,HJLL,
%tJ II_h, ; t I, ,., F ;.,, ,4& i L, HI..: LK,\, [1C L !::l'_i_, HKLb:t\,
g t'<LKi'4, CHL _I
CC_LL E©_"_El (gvr_)
I,\_111 (104)
it\Y:!i (lOb)
CALt]i:I. ni F /,AIN [*'\Glixb .',l •
F:I:SI =:i_t\:3/4b:1 _-_l _*KoLr
EL\;3 _=_':C.) i *K i k • i **b:.:, Lr'
< [',' ] : "..", J N i; * V i',,:] J
CALCiJLA! t- i )C ._i •
I /CLJ:.0004£2"_:i Hi[ +--'L;_,
: 7C=17C'}_,z{:i\ _kij
CALC ILAI;< 1 ],X1 i i_,\ hi'i; tJCl'_i .bL ,;J •
CCki ,',=3/1 .+6 / .*_'[l",.31',,_.;+l_ L,,Jb*Ei",I,j.\C,* b3 .3z4
t;_Ld_£c_iK r't:brP:l_l__\i ilILI/;_i fEN 3[a 11 •
t_kra'i l L="_: "'}i L
C AL. Ui.'I.Ai< ;ILL /'.XO U._P.I,\ ,,'l •
/&!)= {, _%_)
t]'_LL; ;Ln:i!: r':4_b3 _ :l/ai I_ ,_ f:_ _1 •
,'_iiP:'J : '/_r ' _.)_ ( (}_ 1½) i :'khi', J,\ 0 ) / ( Jr', I tta i _l%,tjl_U ) ) 8_i'- . b
CALL:'!I.-_I}*: ChlLLI'_._I_ !)'_')r" 31'5 ,'i •
I] t-, I L: (_U_'_ 1L / :4 k'[', 3l\[5 ) "_( i'7 i _,) 1 /4_': I h.'_ t ) *_ * b t" Ki',.,J,\ _
(]ALC II_',i< r,v:Cl:<C .5Y3 ¢1 •
:K[; i,.= J-_t':d t-i* f (?:i H_ i *<_\3/_;.; ) / ( 5kt i Ha i *4kt,\,JNC ) ) ** • b*:_r" 1
I£(57I .Jl .,).) ,;hll.:ti.
C-_!.l;,lLnl i: ;'',b: ]AL/P: _1 •
I)IAl_\='t)lAll\e('_'i _Jl /_:l _'.-,i )ee.D
JaL/K:l • t)_2_kD I/'_ [i,+*l • t_:;
i_..H _ --b'l'; i;\[IAk ( JaL _'r:+r'b Jd*_rujG)
i:2r'/=K,_ ;',_*7ALJL
ISALL_tjL-",ii tJ,] ia_k"< L/loC.J_%'l%_'JCl ,_i •
t31 nt;=3t) 1 At J* ( (_: i _ I *Kh Ji\U ) / (:_E i h_ i *3v, A$,;,,_) ) _.
l) i_'.u:_=(, I:£b*l]Inil_*_.)**.b
I';(t;:_I .::,-,.0.) L:,Ir, U,/::t]IA_J
t_i;7= l • b'>_*t) I[,%t;*+l . 1_:
(:-Ru/::}i_l:_:'_.*l ._)_f_*IJIADC*/1 • /ti
CALt]IIL/%I _[ "'r:<t_ ',,'IL:i :l •
HH <kq-;=k4 tLL+H_r:A,J*SK>*4._I/I /2h.
(_;H.,:K'_ : Ol !LI,+,J hR/_lJ*3r':_* / 1 • / ! 1)-_5•
I hl]=]')':¢/'_*lJI _UIFI'.J
I ',.-1] < = 0 •
l _." ("r,,n i I,. K,,. 1 ) I HL)V = • OO_*l) I _ai) + . L)Ob
I: ('1;%iL.K :.2) i"lJ'i:.OO3ilJI(b+.UlO
IF(4A]I_.P:J.3) 1NJi_.OOJ*Ul,_U+°030
I,"(,nlL.KJ.4) I_i;_=.UU_*L) IF_U+.024
IF(i},U;_I. Jl .iNN) iH_)=IHU;I
I 0!)= :_P:-< K.5_I,D [ nlJg/F lit
i GU _J=O •
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TABLE 3.5-5
ASCENT PROPULSION MODEL LISTING (Continued)
9'_M& ,000
._557 ,OOO
9558.000
9559.000
9560,000
956[ .000
9562.000
9563,000
9564.000
9565,000
9566 o000
9567,000
9568.000
9569.000
9570.000
957 | .000
9572,000
9573.000
9574.000
9575.000
9576 .000
9577.000
9578.000
9579.000
9580.000
9581.000
9582.000
9583 .(300
9584.000
9585.000
9586.000
9587.000
9588.000
_589.000
9590,000
9591 .000
9592.000
9593,000
9594.000
9595.000
9596.000
9597.000
9598.000
9599.000
9600.000
9601 .000
9602.000
9603.000
9604.000
_ .ooo
• 8_ .gO0
9"607.000
_O8.000
C
IF(MA[L.E_.I) [ODM=.OO2*DIADO+.O0_
IF(MATL.EQ.2) I_DM=.OO3*DIADG+.OIO
IP(MATL.EQ.3) fODM:.OO3*DIAD_+.030
IF(MATL.E@,4) 10DM=.OO2*OIAD8+.024
IF(TgDM.GI .TOD) 10D=IOUM
THE=HPRE_*DIAIN/FTU
TeE=ePRES*DIAIN/FIU
I EM=O.
IF(MAIL.EQ.]) IE_:.OO2*DIAI_+.O08
IF(MATL.EQ.2) TEM=.OO3,DIAIN÷.OIO
IP(MArL.E_.3) IEM:.OO3,OIAIN+.U30
IF(MATL.EQ.4) TEM=.OO2,DIAIN÷.024
IF(THE.LT.IEM) [HE:IEM
IP(TDE.LT.IEM) IOE:/E_
HDUCT=HCLEN*3.1416*DIAU*|HD*IHU
&+HELEN*ENGN_*3,1416*DIAIN*IHE*NH_
JAC:HCLEN*f3.1416/2.)*(2.+DIAD)*3.1416*.OI2
&*.286+HFZLEN*E_GNS*3.1416/i.*(_.+DIAIN)*3.1416
&*,Oi2_.2_6+(HCLEN*(i.+DIAD)*3.1416*I.
_+HELEN*EN3N_*(I.+DIAU)*3.1416*I.)*5./II_b.
HDUCT=HDUC1÷JAC
GDUC_=_CLEN*3.1416*DI_UC*I_D*_{H_*(I.+SPI)
_+gELEN*ENGN_*3.1416*D[_I_*I_E*_H_
Y=.Oi2
Z:8.98
IF(CPLGI.Eu.I.) Y=,|26
IF(CPL31.E_.I.) Z=6.R4
HC_UPL=2.*EN3N_*(Y,OIAI_+_*.IV3*UIAIN)
_+ENSN_*(Y*DIAIN+Z*f.286+NH_)*DIAIN/2.)
_+EN.3NO*(Y*DIAI_+Z*r(H_*DIA1N)
_+(Y*DI_O+Z*(.I+KH6)*UIAD/2.)
X:(Y*DI_IN+Z*(.2b6+_HC)*DIAIN/2.)*ENG_b
IF(KHO.G{ ..2_) HC_LJPL=HCCUHL-._
CCOLJPL:2.*KNSN_*fY*DI_IN_L*.I93*I)IAIN)
_+EN_JN_*(Y*UIAIN+L*(._b6+_HD)*UIAI_/_.)
&+ENGNO*(Y*DIAIN+Z*_H_*OIAIN)
&+(I.+bPI),(Y,DIADg+Z*(.I+_H_)*OIADS/2.)
_=(Y*DIAI_÷Z*f.286+KHG)*OI_I_/2.)_EKG_'--
IP(KH_.G[..2_) _C_LJPL=DUDtJPL-A
X=INT(HCLEN/300.)
H_EL_=X,.O417d*UIAO**2.I+E_GN_
_,(.O4118,DIAIN**2.I+2.*.OI_b4,DIAIN**g._)
X=IN](OCLEN/300.)
_BELOS=X*.141b*DIAU_**_.Ob+ENGN_
_,(.1475*DIAIN**2.Ob+2.*.O34bI*OIAIN**2._6)
HbIJPI:.OI,_UP]F*(HC_UPL+H2PV+H2DV+HO(JCt+H_EL_)
05UP_:.OI*51JP[F*(_C_dPL+U2PV+_2OV+ZU_JCI+ZBEL_b)
H))R=_D_OR
_OR=_D68X
02FD:SCDUPL+3DtJCI+_JEL_5+_aUPI+_D_
H2FD=HC_UPL+HDUC[+HgELOb+HbLJP]+HD_
CALCIJLAIE MISC ,_i.
MISC=.OI*MISCF*(IVC+C#NI_+PNPUfL+FAU
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3.5.2 Auxiliary Propulsion System - This model considers three subsystems:
the engine assembly, propellant feed system, and propellant tankage for the Orbit
Maneuvering System (OMS) and the Attitude Control System (ACS).
A review of the current NR system, Reference L, indicate a total weight of
6360 lb. Of this total, the tankage, including pressurization system, makes up
approximately 55 percent of the basic auxiliary propulsion system weight.
This tankage is the primary configuration dependent variable, and received
the analtyical approach for estimation. The quantity of input variables required
to define the engine weights and propellant system weights precludes the use of an
analytical approach,and these weights are set by the user. In addition, the
capability is built in for the user to input OMS module on ACS module weights
into the Auxiliary Propulsion System Total if desired. If not, the option remains
to input these installation modules into the Orbiter body, wing, or tail.
The OMS tanks are dependent on the orbit delta velocity required, on the
Orbiter weight, and on the engine specific impulse. Using the standard rocket equation,
the weight of propellant is easily solved. By inputting propellant densities and
mixture ratio, the tanks are volumetrically sized. Assuming spherical tanks,
combined with operating pressures and tank material properties, allows a simplified
tank weight estimation.
The ACS tanks are handled quite similarly with the exception that the total
propellant is a user input. Table 3.5-6 is a list of program variables along with
their units and definitions. This is followed by Table 3.5-7, a typical input file,
Table 3.5-8 ty_ic_ul output, and Table 3.5_9 a listing of the program.
3.5-9
It4COONNELL DOUGLAS ASTRONAUTICS COt_4PANY - EAST
DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
TABLE 3.5-6
OMSVARIABLES
REPORTMDC E0746
VOLUME I
28 FEBRUARY 1973
Symbol Unit
OLOWLO LB
OMSDVT FT/SEC
OMSISP SEC
OMR ND
DENSF LB/FT 3
DENSO LB/FT 3
PRESF LB/IN 2
PRESO LB/IN 2
FTUT LB/IN 2
RHOT LB/IN 3
PRESOM LB/IN 2
RHOP LB/IN 3
FTUP LB/IN 2
MODULE LB
OMSENG LB
PROPSY LB
Fortran
Symbol Unit
ACSPRO LB
ACSPRES LB/IN2
ACSSYS LB
ACSENG LB
ACSMOD LB
ACSDEN LB/FT3
Definition
Orbiter lift off weight less OMS propellant
OMS design AV
Specific impulse of the OMS engine
OMS propellant mixture ratio
Density of fuel
Density of oxidizer
Ullage pressure in fuel tank
Ullage pressure in oxldizer tank
Material allowable - tank
Material density - tank
Ultimate pressure - tank pressurization system
Pressurization tank material density
Pressurization tank material allowable
Input OMS module weight
Input OMS engine weight
Input OMS system weight
ACS VARIABLES
Definition
Input ACS propellant weight
Ullage pressure - ACS tank
Input ACS system weight
Input ACS engine weight
Input ACS module weight
Density of the ACS propellant
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TABLE 3.5-7
TYPICAL INPUT FILE
aJ] . L]O0
Z4I .000
42 • O0 0
43.000
DENSF=54.1,t.)ENbO=90.2,kHC'I=.I6,FIUI=I3bOOO',P_ES_M=_160"
RHgp=.I6,FI-UP=I3bOOO.,_MSENG:390.,P_gP_Y=64"l''_O ULE=|Oll "
PRESF=b45._p_ES_:545.,ACbHN_:I2bO.,ACSDEN=61"3" AC_P_=bld"
ACSENG=I310o,AC35YS=300.,ACSM_D=gIO.,G_BMI_=O"
TABLE3.5-8
TYPICAL OUTPUT
H_DP,JLSICN _£1XILIANY
AC5 bY_[E_
[H_U_]KX_ 1310,
PXZP. 5YSTE4 300.
TANK 1443,
_OD!JLE 910o
CA_5 SYSTem;
]N,_USl'£x5 390.
P_ZP, 5f_]E", 647.
T_N_ 2096.
_UDCLE 1071.
3963 •
( 8166.)
E,:z:o. ONO C:
E,:::t. 000 F:
F '-'" OFIO
_= ._= L,. • .
6:3:-:. NOH
E,:'-:4. 000
E,:.':5. nO0
E,:::_,. 000
E,:3;'. 000
d,::',:-:. 000
E,:-:9. 000
E,40. 000
641. n_-tO
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3.6 Miscellaneous Systems - Empirical models are used to estimate the weight
of the nonconfiguration dependent subsystems or those in which the detail of analy-
sis required for an analytical model is not consistent with the program objectives
of minimum input and rapid turnaround.
following systems:
a. thermal protection
Empirical models are used entirely for the
b. prime power
c. electrical conversion and distribution
d. hydraulic conversion and distribution
e. surface controls
f. avionics
g. environmental control
h. personnel provisions.
The models range in detail from the rather complex stacked pods method of area
computations used in the thermal protection system, discussed in Section 3.3 to
a total weight input as used for the avionics system.
The prime power system currently consists of batteries, an auxiliary propul-
sion unit (APU), and fuel cells, with their associated mounting structures and
tankage for expendables. The weights of these items are predicated on the specific
power capabilities and the total power required. It would be easy to provide the
specific power as an input in the orbiter module, but there is no simplified tech-
nique to determine total power requirements. This would necessitate inputting
these also,and the program would only perform a bookkeeping function; therefore, it
is felt that the additional six to eight input parameters were not justified and
the prime power system weight would be determined outside the program and input by
the user as a constant.
PPWR = 3912. for the reference design.
The electrical supply system currently consists of 411 ib of conversion and
control units, 907 ib of utility systems and 346 ib of supports,plus 3681 ib of
distribution and control circuitry. The primary configuration-dependent variable
in this system is the circuitry, which is proportional to the vehicle length. In
the sizing routines, the payload compartment length is allowed to vary for payload
capability studies. This length is inherent in the program and will allow ratios
without additional input variables. Assuming 50 percent of the circuitry is
affected, the relationship becomes:
ELEC = ELECK + 1840" (LI-X)/747. + 2805.
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Where
ELEC is the system.
ELECK is an input weight to account for miscellaneous and special
increments.
LI-X is the cargo bay length derived in the body model.
The hydraulic system primarily provides actuation capability for the surface
controls and,therefore,becomes proportional to the areas of the wing and tail.
The weight then becomes:
HYDR = HYDRK + 2264"(SG(I) + K *SG(2))/4525
where
HYDRK is an input constant to allow for special increments in the wing area
SG(1) is the wing area
SG(2) is the tail area
K is an indicator for a split rudder K = 1 for conventional
K = 3 for split rudder.
The surface control system weight is an empirical derivation based on the
slope of an arithmetic plot of the actuation system. These systems include all
actuators, plumbing, supports, and contingencies. Figure 3.6-1 is the elevon
actuation weight and Figure 3.6-2 is the rudder actuation weight, both as a func-
tion of area. Combining these two figures, the relationship becomes:
SURFC = SURFK + 1060. + 3.45*SAIL + K* (360. + 1.67*SRUD)
where
SURFK is a user input constant to apply special increments
SAIL is the elevon area
SRUD is the rudder area
K is an indicator to handle a split rudder K = 1 for conventional rudder
and K = 3 for a split rudder.
The remaining systems making up the dry weight, avionics, environmental con-
trol, and personnel provisions are considered user inputs. The avionic system
weight is governed by overriding factors of cost and state of the art and, as such,
does not lend itself to normal weight estimation techniques. The personnel provi-
sions are primarily governed by human-factor-type considerations as well as by the
number of personnel and duration of the mission and like the prime power system,
any estimation method would, inherently, be simple bookkeeping and the additional
inputs required to accomplish this is not justified for a configuration sizing
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program. The environmental control system (ECS) is, in turn, sized by the heat and
heat loss requirements of the avionics system and the life support provisions for
the personnel provisions. It is considered a user input.
Growth uncertainty has the option for two methods of calculations. The first
utilizes a fixed percentage of dry weight less the GFE ascent engines. This per-
cent is input by the user. The second method allows the orbiter dry weight to
remain at a user input fixed quantity. The growth uncertainty is allowed to float
(increase or decrease as required) as the systems are analyzed by the various
models.
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4. EXTERNAL TANK
4.0 Introduction - The External Tank _1odule contains many elements. These
elements are interrelated to form an overall sizing routine which analytically
solves for all the major components of the tank assembly. They are also versatile
and accurate enough to allow assessment of even subtle variations in the basic
design criteria. The basic sizing logic consists of three general arrangement
options and three separate iteration techniques, i.e., solve for specific tank
dimensions as a function of volume requirements with either input of fixed length,
fixed diameter or fixed L/D. Design features, such as separate and common bulkheads
and an alternate forward section design, are included in the three basic general
arrangement options. This 3 by 3 matrix of sizing techniques has been tested for
accuracy with two MDAC external tank point designs and the latest NR Design data
contained in "Space Shuttle Mass Properties Status Report" No. SD72-SH-0120-S, dated
2 December 1972. A LOX aft option is also available which simply uses the
generalized baseline LOX forward method and sets mixture ratio to l./mixture
ratio and switches the hydrogen and oxygen densities.
The external tank module also includes a design loads model which considers
ullage and head pressure, interstage reactions, and axial load factors.
Also, a multistation analysis method is included, whereby a number of body
station cuts are examined to determine the effective unit load and corresponding
material thickness required for pure unstiffened monocoque structure. Alternate
material allowables may be input to handle variations in design temperature and
other candidate construction techniques. The resultant material thicknesses are
integrated over the total body area using the dimensional data from the sizing
routine, and the total sidewall weight is determined. The bulkheads are sized to
their representative loads, i.e., internal or external pressure, considering
meridional and hoop forces. Splice rings and attachment structure are treated
as discrete items with major attention given to the redistribution of point
loads and manufacturing processes such as welding.
The external tank thermal protection system is based on detailed _DAC point
design data with input unit weights for alternate design concepts.
Other external tank subsystems are expressed either as input constants for
such systems as avionics or with abbreviated sizing routines where, for example,
plumbing weight is a function of engine flow rate and overall tank length/diameter.
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Detail loads, strength, and weight analyses are documented for the MDAC parallel
burn 1,530,800-Ib propellant load point design external tank. Therefore, this tank
is used as the basis for the general methodology.
The basic structure and subsystems are correlated with the Phase B extension
point design studies of external tanks as well as the latest NR point design tank.
The overall Tank Model development is illustrated by Figure 4-1.
This External Tank Module is programmed so that it can be used as a separate
program for individual tank studies, and is included as a subroutine of ESPER.
Parametric computer runs have been made for a number of perturbations of the
2 December 1972 NR point design tank. The resulting computer output has been
curvefit to express this external tank weight as a function of tank diameter,
usable propellant load, and the ratio of second stage propellant to liftoff
propellant. These simplified equations are also included as an option in
ESPER.
The External Tank Module consists of 16 interdependent models and/or discrete
sets of equations, each satisfying a specific piece of the overall sizing routine.
These elements are discussed in detail in the following paragraphs (4.1 through 4.16).
4.1 Volume Requirements - Contained within the sizing program are a series
of equations to solve for a set of incremental propellant quantities which make
up the tank residual and unusuable fluids. This is necessary in order to obtain
the correct total tank size required to contain all the propellant, as well as,
to determine later the net effect of these residuals upon tank mass fraction.
The trapped and residual fluids calculation alone is a very complex technical pro-
problem and normally requires a detailed examination of each point design for an
accurate assessment. Therefore, a set of equations based on the MDAC detail point
design analyses are used.
Key variations in design criteria can be measured by input of various ullage
and operating pressures, orbiter engine thrust and ISP for basic feed-line sizing,
variations in ullage and load allowance, as well as input variations in specific
wall thickness for calculation of volume needed by the structure.
The MDAC point design propellant inventory and tank volume calculation which
is used as the basis for these equations isshown in Table 4.1-1, along with
the resulting computer program output. This illustrates the basic method used
for assessing the tank volume. If comparable point design detail data become
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TABLE 4.1-1
COI_IMONBULKHEAD - MDAC POINT DESIGN
Propellant Inventory
ASCENT
START PROPELLANT
SHUTDOWNADJUSTMENT
FEEDLINE RESIDUAL
CHILLDOWN RESIDUAL
ENGINE RESIDUAL
PU BIAS
TANK UNDRAINABLE
PRESSURANT
PROPELLANT WEIGHT-LB
TOTAL
218,686
1,441
87
285
6
LOX LH2
1,312,114
7,414
150
918
134
1,072
0
0
1,740"
1,323,544
13,235
1,336,779 224,242
-13,104 -366
12395 223,876
75
547
100
795*
NOMINALLOAD 222,022
LOADING ALLOWANCE 2,220
MAXIMUMLOAD
PROPELLANT BELOWTANK
MAXIMUMLOAD IN TANK
VOLUME FT3
PROPELLANT VOLUME IN TANK 18,643 50,939
TANK VOLUME FOR FLUIDS (2%MIN ULLAGE) 19,016 51,958
VOL DISPLACED BY INTERNAL LOX FEEDLINE 0 227
TOTAL TANK VOLUME 19,016 52,185
*INCLUDES ONLY PRESSURANTFROM LIQUID,
ComputerOutput
EXTERNAL TANK PR_3PELLANT INVENTORY
L..,gX
1Z_12114.
7414.
150.
91_.
134.
1072,
Oo
O.
1740.
13P3537.
1._23 _.
153 _;777.
- I _oq?.
13236o0.
I_644,
1901 6.
FEEDLI NE _.
19016.
ITEr_
PROPELLANT WEISHT-LB.
ASCENT (INCLUDE._ FPR)
START PR _PELLA NT
_FL!TD_W_J AD,III.eTMENT
FEFI")LINE R E_IDUAL
CHI LLD_IVN RESIDUAL
ENGI NE R E_II')UAL
PU BIAS
TANY UNDRAINAF_I.E
PR ESSIIRA_IT
N?_INAL L_AD
L_ADING AI.LP@YANCE
r_A×I_I]M L_AD
PR2PELI.ANT F';':L,_W TANK
MAXIMUV LeAD IN T_'JK
PR ?PELLA NT VC_LU"E-FT3
PROPELLANT V(_LUME IN TANK
TANK V;LEIME F;)R FLUIDS
VG_L. DISPLACED E_Y LQX
TCTAL TANK VI_LUME
Lv,2
1441.
?q4.
6.
"/5.
547.
lOO.
"/Q5.
???_?n.
?77_ .
??4240.
- 3_5.
P?3_75.
50_=I .
51qgq.
?_7.
52125.
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availabie-for other desired tank designs, new sets of equations can be
derived to fit these cases using similar scaling laws for parametric study.
4.2 Dimensional Data - The three external tank general arrangement options
used in the basic tank sizing routine are illustrated in Figure 4.2-1. The sizing
logic nomenclature is defined in Table 4.2-1. It should be noted that most of the
basic dimensional parameters have the same variable name for each of the three
arrangements given. Therefore, most of the sizing equations are identical for
each option and only a few input variables need be changed to switch from one general
arrangement to the other. For example, the variable LCON (input clearance between
separate bulkheads) is not used for the common bulkhead option; otherwise, all
other parameters are the same. Likewise, when choosing the alternate forward
section option, the user need only switch the input from NR (nose cap radius) to
ND (nose diameter). All other parameters remain the same.
An indicator and logical IF statement is included which offers the option
of solving for LOX aft tank arrangements. This consists of simply converting MR
to I/MR and setting LOX density equals LH 2 density and vice versa. Thus, the
logical IF simply tells the computer all equations and dimensions used for LOX
are now LH 2 and vice versa.
Computer diagnostic runs have been made to exercise the sizing logic of the
program and demonstrate dimensional accuracy and repeatability for each of the
sizing options. Resulting propellant inventories and corresponding dimensional
data computer output are shown in Tables 4.2-2 and 4.2-3. The MDAC point design
dimensional data are shown in Figure 4.2-2, along with the comparable computer
program output.
4.3 Head Pressures - The propellant inventory, volume requirements and basic
dimensional data previously discussed serve as the basis for the head pressure
calculations. The input data required for the head pressure analysis are described
in Table 4.3-1. The basic method of analysis, and the nomenclature, is illustrated
in Figure 4.3-1.
Since the basic sizing routine allows excess volume for ullage space, etc.,
the actual maximum fluid height in the tank at liftoff is located somewhat below
the top of the tank. This space is dependent upon the input percent ullage, etc.,
and, therefore, may vary significantly. Hence, the actual fluid height in the
tank at liftoff is calculated. The fluid height is used to determine the gross
head pressure on both the aft LOX and LH 2 bulkheads, using the design factor of
safety (FS), liftoff vertical load factor (NXL), and fluid density (ODEN or FDEN).
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FIGURE 4.2-1 EXTERNAL TANK GENERAL GEOMETRYDESCRIPTION
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VARIABLE NAME
INPUT PARAMETERS
PROPO
_I
NR, ND
HRI
THETA
LA
UPERO
UPERF
OPRES, OUPRES
FOPRES, FUPRES
THRO, ISPOT
BLKHD
BX
LCON
K
HBIAS
GEOMETRY SOLUTION
INPUT OPTIONS
LD
LF
DF
TABLE 4.2-!
EXTERNAL TANKSIZING NOMENCLATURE
DEFINITION UNITS
Usable Propellant Load LB
Mixture Ratio; Oxidizer/Fuel ND
Nose Cap Radius and/or Nose Diameter IN
Ratio of Bulkhead Height to Bulkhead Hemispherical ND
Radius - HR/R
0 Forward Cone Angle DEG
Load Allowance (i + Dec. %) ND
Percent Oxidizer Ullage (I + Dec. %) ND
Percent Fuel Ullage (i + Dec. %) ND
Oxidizer Pressure Operating, Ullage Lb/In 2
Fuel Pressure Operating, Ullage Lb/In 2
Orbiter Eng. Thrust, ISP for Flow Required Lb, Sec
Ind. 1 = Common; 2 = Separate; 3 = Alternate --
Dummy Ind. to Test Series Burn Pt. Design --
Clearance Between Bulkheads IN
Structural Space Allowance IN
Optional Fixed Fuel Bias LB
Required L/D - Output is Resultant Length
and Diameter
Required Fixed Length - Output is Resultant
Diameter
Required Fixed Diameter - Output is Resultant
Length
INPUT REQUIRED FOR INITIALIZATION
DI Initial Guess at Tank Diameter
LI Initial Guess at Tank Length
HHI Initial Guess at Fuel Tank Length
ND
IN
IN
IN
IN
IN
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MDAC-COMMON BULKHEAD-PARALLEL BURN MDAC-SEPARATE B
POINT DESIGN DATA COMPUTER OUTPUT POINT DESIGN DAI
LOX LH 2 LOX LH 2 LOX LH 2
**ASCENT (INPUT TO COMPUTER) 1,312,114 218,686 1,312,114 218,686 807,514 134958
START PROPELLANT 7,414 1,441 7,414 1,441 1,014 37
SHUTDOWN ADJUSTMENT 150 87 150 87 150 8
FEEDLINE RESIDUAL 918 285 918 284 1,522 27
CHILLDOWN RESIDUAL 134 6 134 6 273 2
ENGINE RESIDUAL 1,072 75 1,072 75 1,072 7
PU BIAS 0 547 0 547 0 33
TANK UNDRAINABLE 0 I00 0 i00 300 i0
PRESSURANT i_740 795 i_740 795 i_068 47
NOMINAL LOAD
LOADING ALLOWANCE
MAXIMUM LOAD
PROPELLANT BELOW TANK
MAXIMUM LOAD IN TANK LB.
1,323,544 222,022 1,323,537 222,020 812,913 136,33
13_235 2t220 13_236 2p220 8_129
1,336,779 224,242 1,336,772 224,240 821,042 137,69
-13_i04 -366 -13t082 -365 -13t852 -37
1,323,675 223,876 1,323,690 223,875 808,190 137,32
VOLUME FT 3 VOLUME FT 3 VOL
PROPELLANT VOLUME IN TANK 18,643 50,939 18,644 50,881 11,383 31,24
TANK VOL FOR FLUIDS 19,016 51,958 19,016 51,898 11,611 31,87
VOL. DISPLACED FOR LOX 0 227 0 227 0
FEEDLINE
TOTAL TANK VOLUME 19,016 52,185 19,016 52,125 11,611 31,87
** INCLUDES FPR. INPUTTED TO COMPUTER AS TOTAL USEABLE PROPELLANT LOAD AND MIXTURE RATIO.
FOI_OUT _E /
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ULKHEAD-SERIES BURN NR-SEPARATE BULKHEAD-PARALLEL BURN
A COMPUTER OUTPUT POINT DESIGN DATA COMPUTER OUTPUT
LOX LH 2 LOX LH 2 LOX LH 2
6 807,514 134,586 1,414,290 235,710 1,414,285 235,714
2 1,015 372 ? ? 7,411 1,440
7 150 87 150 87
7 918 260 918 252
3 272 19 134 6
5 1,072 75 1,072 75
6 0 336 1,500 0 1,500
D 300 i00 300 i00
8 i_071 489 ? ? 2_084 750
812,312 136,324 1,420,230 239,350 1,426,349 239,924
8_123 i_363 ? ? 14_264 2t399
820,435 137,687 ? ? 1,440,612 242,323
-13_142 -354 ? ? -20_570 -333
807,292 137,333 ? ? 1,420,041 241,990
[]ME FT 3 VOLUME FT 3
5 11,370 31,212 20,114 55,517 20,001 54,998
3 11,598 31,836 20,710 57,157 20,595 56,648
3 0 0 0 0 0 0
11,598 31,836 20,710 57,157 20,595 56,648
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TABLE 4.2-3
EXTERNAL TANK BASIC DIMENSIONAL DATA
COMPUTER OUTPUT VERSUS POINT DESIGN
BASIC MDAC-COMMON BULKHEAD-PARALLEL BURN
DIMENSIONS POINT
SEE DESIGN COMPUTER OUTPUT
FIGURE DATA FIXED FIXED FIXED
4-3 L/D LENGTH DIA.
L/D 4.982 4.982* --
D(O.D.) 340.0 339.6 339.2
L(TOTAL) 1694.0 1692.0 1694.0"
R 196.0 196.1 195.8
HR 98.0 98.0 97.9
HH 996.0 994.2 996.7
HO 180.0 181.3 182.5
HC 403.6 402.0 401.4
HN 16.4 16.4 16.4
NR 25.0 25.0* 25.0*
ND ? 47.0 47.0
OR 128.0 128.7 128.6
OD 221.4 222.9 222.7
HOR 64.0 64.4 64.3
HCO 163.0 160.3 160.1
O 20.0 20.0* 20.0*
LCON ......
LO 2 TK VOL 19016 19016 19017
LH 2 TK VOL 52185 52125 52125
K ......
340.0*
1689.5
196.3
98.1
992.1
180.3
402.5
164
25,0*
470
128,8
223,1
644
160,5
20 0*
19017
52124
(K equals structural volume allowance expressed
*Indicates input value
(i) NR Point design has an ogive nose shape"
instead of a conical nose shape, therefore,
an estimated forward cone angle (8) has
been used to represent an equivalent
conical section volume.
MDAC-SEPARATE BULKHEAD-SERIES BURN
POINT
DESIGN COMPUTER OUTPUT
DATA FIXED FIXED FIXED
L/D LENGTH DIA.
4.682 4.682* ....
314.0 310.2 306.3 314.0.
1470.0 1452.0 1470.0" 1434.5
181.0 179.1 176.9 181.3
91.0 89.5 88.4 90.6
703.0 718.0 736.6 700.4
42.0 50.6 60.1 41.5
469.0 459.9 452.7 467.0
24.0 24.5 24.5 24.5
33.0 33.0* 33.0* 33.0*
? 63.8 63.8 63.8
106.0 104.1 103.1 105.1
? 180.3 178.5 182.1
53.0 52.1 51.5 52.6
243.0 242.4 238.6 246.1
15.0 15.0" 15.0" 15.0"
20.0 20.0* 20.0* 20.0*
11611 11598 11594 11600
31870 31836 31836 31836
as effective wall thickness)
FOLDOUT FRAME
NR-S
POI
DESI
DAI
7.1]
30Z
216_
?
IIZ
13:
_°
?
3
207
571
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EPARATE BULKHEAD-PARALLEL BURN
NT ALTERNATE FWD SECT.
3N COMPUTER OUTPUT
FIXED FIXED FIXED
L/D LENGTH DIA.
2 7.112" ....
.0 301.8 300.5 304.0*
.0 2146.9 2162.0" 2122.5
174.1 173.3 175.3
113.1 112.6 113.9
1330.4 1342.7 1310.6
334.8 339.8 326.6 i
.0 225.6 224.5 227.5
_.0
.0
,7
.5
41.0" 41.0" 41.0"
30.0* 30.0* 30.0*
30.0* 30.0* 30.0*
20595 20592 20598
56648 56648 56648
.15" .15" .15"
(1)
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WpRoP = 1,530,800 LB
LO2 VOL = 19,016 FT3---_
2_',
12SR
420
340
196R 1
LH2 = 52,185 FT3
1,594
996
External Tank Arrangement
CommonBulkhead - MDAC Point Design
EXTERNAL TANK DIMENSIONAL DATA
---y v y y v v X y y Y, y y v v v v v Y
THETA X ...... y Y •
.Y × × ×
× ND× , R × ;
...Y X . v y .
.. X ...... Y Y. •
,, :H_R, v Y Y Y Y v v Y _ Y v v v Y Y v v v ,----
HN--..-- .HCP. .HR.
• ,---HC--,-HP--. HH .HR.
• L: H N+H C+H O+HH+ HR .
L: I_2.0 IN. D: 339.6 IN. L/D- 5.0 m- I_.I IN. NR: _.0 IN.
NP: ?5.0 IN. PP: 12_.7 IN. C_D: 227.9 IN. HeR: _a.a IN. VC_: 160.3 IN.
ND: 47.0 IN. THETA: ?O. PEG. HC: 402.0 IK'. ICON: .0 IN.
p?-_ l_l.3 IN. HH- F_4o? IN. K- .rio IN.
L_AD AL],P_IAMCE:I.RI LO× ULLAGE:I.O? LH? tlI,LAG m:I.O_
L_¥ TANY VCLUN"E: 19016. FT3 LH? TA_K V_LUMF- 59125. FT3
ComputerOutput
Fixed L/D Case
FIGURE 4.2-2 DIMENSIONAL DATA
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CONSTANT
RETRO
SECTION
VARIABLE NAME DEFINITION UNITS
PROPO2 USEABLE PROPELLANT REQUIRED FOR LB
SECOND STAGE BURN
NXL VERTICAL LOAD FACTOR AT LIFTOFF ND
NXS VERTICAL LOAD FACTOR AT STAGING ND
FS DESIGN FACTOR OF SAFETY ND
H
HR
02
H2
I _ D ---,--
FIGURE 4.3-1
-- HOX(9)
• HOX(7)
-- HOX(5)
-- HOX(3)
-- HOX(1)
HOX(8)
HOX(6) I
HOX(4) FIOH2
HOX(2) I
--HFX(9),
-- HFX(8)
-- HFX(7)
__ HFX(6)
-- HFX(5)
-- HFX(4)
-- HFX(3)
-- HFX(2)
-- HFX(1)
I
FIFH
l
HFH2
t
HOH
ODEN= OXYGENDENSITY ~ LB/FT 3
HOH = OXYGENFLUID HEAD HEIGHT AT LIFT-OFF
HOH2= OXYGENFLUID HEAD HEIGHT AT STAGING
SET STATION LOCATIONSFOROXY TANK CYL WALLANALYSIS
HOX(I)= .125 • (I-1) • HO
CALCULATE OXY TK CYL WALL HEAD PRESAT HOX(I)
ABOVE CYL BASEBY COMPARINGWITH LIFT-OFF AND
2ND STAGE HEAD HEIGHTS ASCALCULATED PREVIOUSLY
OHC2= (HOH2- HOX(I)) • ODEN• NXS• FS/1728.
OHC1= (HOH-HOX(I)) • ODEN• NXL • FS/1728.
FDEN= LH2 DENSITY - LB/FT 3
HFH = LH2 FLUID HEAD HEIGHT AT LIFT-OFF
HFH2= LH2 FLUID HEAD HEIGHT AT STAGING
HF = HH-FIR
SET STATION LOCATIONSFOR FUEL TANK CYL WALL ANALYSIS
HFX(I) = .125 • (I-1) • HF
CALCULATE FUEL :IK CYL WALL HEAD PRESAT HFX(I)
ABOVE CYL BASEBY COMPARINGWITH LIFT-OFF AND
2ND STAGEHEAD HEIGHTSAS CALCULATED PREVIOUSLY
FHC2= (HFH2-HFX(I)), FDEN, NXS * FS/1728.
FHC1= (HFH-HFX(I)) • FDEN * NXL • FS/1728.
EXTERNAL TANK HEAD PRESSURE ANALYSIS AND NOMENCLATURE
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Using the input value for the amount of propellant required for second stage
burn (PROP02), a similar calculation of the fluid head height at staging is made.
The gross head pressure at staging is then determined, using the design factor
of safety (FS), vertical load factor at staging (NXS), and fluid density (ODEN or
FDEN). The liftoff head pressure is then compared with the head pressure at
staging and the maximum design head pressure is set equal to the larger of the
two values. This maximum head pressure, plus the ultimate tank operating pressure,
yields the design maximum pressure used for the LOX and LH 2 aft bulkhead sizing
analysis.
Similarly, head pressures are calculated at nine stations along the forward
LOX tank cylinder wall and the aft LH 2 tank cylinder wall. For example, the
liftoff fluid head acting at any station HFX (I) of Figure 4.3-1 can be calculated
by comparing its location with the liftoff LH 2 head height (HFH). The net
distance between HFX (I) and HFH represents the effective head height experienced
at HFX (I). Thus, the net liftoff head pressure at HFX (I) is calculated using
this net distance (HFH-HFX (I)), the design factor of safety (FS), liftoff vertical
load factor (NXL), and fluid density (FDEN). Similarly, the fluid head at staging
is calculated using the net fluid height (HFH 2 - HFX (I)), the design factor of
safety (FS), vertical load factor at staging (NXS), and fluid density (FDEN). A
comparison is made at each of the cylinder stations and the maximum head pressure
is set equal to the greater of the two values calculated. This value plus the
ultimate tank operating pressure, establishes the design maximum pressure at the
cylinder station HFX (I). If HFX (I) is above both HFH and HFH 2 (as could be the
case for the station HFX (9) of Figure 4.3-1, the net head pressure is set to zero
and the design maximum pressure is set equal to the ultimate tank operating pressure.
Similarly, the forward LOX tank cylinder wall pressures are determined as
illustrated by Figure 4.3-1. Thus, a complete survey of tank design pressures is
available for use in the multistation strength analysis which is discussed below.
4.4 Wall Thickness - The design maximum pressures previously discussed serve
as the basis for calculating the required cylinder wall thickness due to hoop stress.
The structural material properties required as input are given in Table 4.4-1. The
basic method of material thickness calculation is given in Table 4.4-2. As shown
by Table 4.4-2, the wall thickness required due to hoop stress is calculated at each
cylinder station, and compared with an input minimum thickness (_IIN).
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STRUCTURAL MATERIAL PROPERTIES
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VARIABLE NAME
RHO
FTU
E
TbllN
DEFINITION UNITS
MATERIAL DENSITY LB/IN.
MATERIAL ULTIMATE TENSILE PSI
STRENGTH
MATERIAL MODULUS OF ELASTICITY PSI
MATERIAL MINIMUM GAUGE IN.
TABLE ,1.4-2
EXTERNAL TANK I;YLINDER WALL
MATERIAL THICKNESS REQUIRED BY HOOP STRESS
REFERENCE:
FHCT (I)
OHCT(I)
FIGURE 4.3-1
= ULTIMATE LH 2 TANK CYLINDER WALL PRESSURE
AT STATION HFX(I)
= ULTIMATE LOX TANK CYLINDER WALL PRESSURE
AT STATION HOX(I)
CALCULATE FUEL TK THICKNESS REQUIRED DUE TO ULT PRES
TF(1) = FHCT(1)*D*.5/FTU
CALCULATE OXY TK THICKNESS REQUIRED DUE TO ULT PRES
TO(I) = OHCT(1)*D*.5/FTU
CHECK FUEL TK THICKNESS & SET = OR CREATER THAN TMIN
IF(TF(1).LT.TMIN) TF(1) = TMIN
CHECK OXY TK.THICKNESS & SET = OR GREATER THAN TMIN
IF (TO(1).LT.TMIN) TO(1) = TMIN
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4.5 Loads - As illustrated by Figure 4.5-1, only a small portion of the over-
all tank structure is designed by loads other than internal pressure. Launch aero-
dynamic and inertial loads normally require a very complex technical analysis for
accurate assessment. A generalized set of equations is used to depict launch
axial loads and bending moments. These are based on MDAC detailed point design
loads analysis. Axial loads induced in the aft LH 2 tank are based on the LOX
liftoff and second stage propellant loads and their respective vertical load
factors (as discussed previously).
If comparable point design detail loads become available for other desired
tank designs, new sets of equations can be derived to fit these cases.
The method of scaling these loads through perturbations of the baseline tank
design are considered adequate, especially since only a small portion of the over-
all tank structure is designed for column buckling due to these loading conditions.
Table 4.5-1 defines the required input data for loads calculations.
VARIABLE NAME
THBSL
NN
CANT
BGLOW
RI, R2, RL
TABLE 4.5-1
EXTERNAL TANK
INPUT DATA FOR LOADS CALCULATION
DEFINITION UNITS
TOTAL BOOSTER S.L. THRUST LB
NUMBER OF BOOSTER ENGINES ND
BOOSTER THRUST CANT ANGLE DEG
BOOSTER GROSS LIFTOFF WEIGHT LB
ORBITER INTERSTAGE REACTION LOADS LB
FROM ORBITER MODULE
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4.6 Margin-of-Safety Check for Column Buckling - A margin-of-safety check is
made at each of the body stations previously analyzed, using the wall thickness
calculated for hoop stress due to head pressure.
The column buckling method for monocoque cylinders as given by Reference 0
is used for the combined axial load and bending moment loading condition with
internal pressure stabilization. Included in this analysis is a least squares
curve fit for the 90 percent probability graphs of cylinder radius/material
thickness (r/t) versus critical stress due to axial load and r/t versus critical
stress due to bending moment. This curve fit solves for equation coefficients
as a function of cylinder length/cylinder radius (L/r).
Included also are equations to solve for increased axial and bending strength
due to internal pressure stabilization. These equations are derived from curves
included in Reference O. The internal pressure is assumed to be the tank operating
pressure without the design factor of safety and without any induced head pressure.
The margin of safety, then, is calculated by:
RCB = AL/PA + MX/MA
Where: AL = The maximum axial load induced at a given station per the
previous loads analysis.
PA = The amount of axial load that can be imposed at this station
with the thickness as previously calculated due to hoop
stress, including increased strength capability due to internal
pressure and with a 90 percent probability of not failing.
MX = The maximum bending moment induced at this station per the
previous loads calculation.
MA = The bending moment that can be imposed at this station with the
thickness previously calculated for hoop stress including
increased strength due to internal pressure and with a
90 percent probability of not failing.
If this margin of safety (RCB) is less than one, the check is satisfied and the
previously calculated wall thickness for hoop stress is adequate to withstand
the column buckling condition. If not, the thickness is progressively increased
until this check is satisfied, and the new wall thickness thus calculated is used
for the final cylinder wall weight calculation.
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4.7 Rings - Bulkhead attachment and cylinder/cone contour break rings are
sized by elastic stability (Reference C), due to resultant compressive load induced
by dome pressure and/or longitudinal cylinder stress. The resulting ring cross
sectional area is compared with the required minimum ring area shown in Figure
4.7-1 and is set equivalent to or greater than this minimum.
ME(:
MINIMUMRINGAREA = 2 • 2t • (2 IN. + 0.5 • 3 IN.)
=14t
• FILLET IS INCLUDED IN
STRUCTURAL NON.OPTIMUM
3IN. I 2IN. I PART OF CYLINDER
(TYP) "! _yp)" I WELDCALCULATION---
t
!
f
FIGURE 4.7-1 TYPICAL BULKHEADATTACH RING
4.8 Interstage - Frame sizing is based on point load analysis for ring caps
plus resulting shear stress for ring webs. Additional material is added for beam
cap loads and beam shear. The booster attach loads are assumed acting at the
existing aft bulkhead attach ring and at the forward cone/cylinder contour break
ring. The resulting booster attach frame sizing is compared with the previously
calculated existing ring. The interstage frame weight is set equal to zero if the
attach frame is less than the existing ring; otherwise, it is set equal to the
difference in frame to ring weight, thus accounting for the point load penalties
associated with the interstage tie. The orbiter attach loads are assumed acting
at locations unique to existing rings and, therefore, require the complete addition
of two separate frames. Special increments are added to the basic frame sizing
for sway braces, doublers, drag links, and fittings, thus completing the total
interstage analysis. 4-17
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4.9 Structural Weisht - Using the basic tank dimensions and the material
thickness requirements previosuly discussed, the basic tank structural weight is
calculated. Included in this calculation is a detail assessment of all weld require-
ments and a fixed value of 0.005 in. is added to all thicknesses to account for
material tolerances.
Table 4.9-1 presents the baseline MDAC External Tank Structural Weight Summary
and the corresponding computer program output.
TABLE 4.9-1
ORBITER HO TANK
PARALLEL BURN-SOLID (2-156 IN.) BOOSTER
STRUCTURAL WEIGHT SUMMARY
Comple ted
Analysis
Weights
Body Group [49,030]
Fuel Tank (22,603)
Aft Bulkhead 3,559
Cylindrical Sidewall 19,044
Oxidizer Tank (8,157)
Fwd Bulkhead 337
Sidewall 7,480
Baffles 340
Common Bulkhead (4,340)
Booster/Orb/Tank Attach (12,966)
Nose Fairing ( 464)
Umbilical Panel ( 300)
Tunnel ( 200)
COMPUTER OUTPUT
BODY GROUP [ a9202. ]
FWD TANK ( _736, )
FWD BULKHEAD 613.
C(_NICAL SECTION 5913.
CYLINDRICAL SECT. 420_.
A FT BULKHEAD O.
INTER TANK SECT. ( O. )
AFT TANK ( 29166. )
FWD BULKHEAD 6664.
CYLINDRICAL SECT. lq725.
AFT BULKHEAD 377_.
_RBABSTR/TANK ATT.( lOlO0. )
NOSE FAIRING ( 562. )
UMBILICAL PANEL ( 300. )
TUNNEL ( 200. )
B A FFLES-L_X ( 33a;. )
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4.10 Miscellaneous Structural Items - Empirical equations and methods are
used to calculate the remaining structural items such as forward nose fairing,
intertank structure, LOX tank baffles, external lines tunnel, and umbilical panel.
4.11 Induced Environmental Protection - The external tank thermal protection
system (TPS) is based on the detail MDAC point design given in Figures 4.11-1 and
4.11-2. Figure 4.11-1 shows the selected thermal protection scheme for the hydrogen
and oxygen tank. The 0.375 in. of polyurethane foam insulation was established to
meet ground hold and main engine NPSP requirements. The polyurethane foam is
applied externally to the liquid hydrogen tank including the fore and aft tank domes
in the intertank region. The thermal constraints applied to defining the thermal
protection system for the LH 2 tank are based on the thermal stability of the
polyurethane foam. The maximum temperature of the surface of the polyurethane foam
is limited to 200°F. In the LOX and intertank region, the maximum allowable temp-
erature is 300°F based on the structural properties of aluminum. As shown on the
sketch, 0.338 and 0.213 in. of korotherm is required on the noncryogenic nose cap
and in the intertank region where the heat sink capacity associated with the -290°F
LOX is not available.
[]KOROTHERM _:_ FIREX250 OVER SPRAYEDPOLYURETHANE FOAM
.-----0.338
/_.,, 0.250
0.213
_0.137
._/2_ ---0.15s
-.-,------- 0.357
v/d, v.
_0.137 0.137
200°F FOAM
NUMBERS ARE ABLATOR THICKNESS - IN.
/O017
_ .b.._o.oz2
-------0.155
-/////_
..... 0,017
_ -_--------o.o17
250°F FOAM
FIGURE 4.11-1 EXTERNAL HO TANK INSULATION
(Parallel Burn-Solid (2-156 In.) )
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/SILICONE COLOR & SEAL COAT
[_-.-SI LICON E PRIMER
_:_:_:_IJ{_$_;_;_t;t_;;;;_;_t,_;;;,*;4_-------ABLATOR - FIREX 250
!l
_"ALUMINUM TANK WALL
MATERIAL DENSITY (LB/FT31 THICKNESS (IN.) UNIT WT (LB/FT 2)
1. SILICONE COLOR & SEAL COAT
2. SILICONE PRIMER
3. ABLATOR - FIREX 250
L POLYURETHANE FOAM - NOPCO BX-250
5. EPOXY PRIMER
35
2
0.006
0.001
0.137 - 0,357
0.375
0.001
0.0397
0.0066
0.5372 (AVE)
0.0625
0.0066
0.6526 (AVE)
FIGURE 4.11-2 INSULATION MATERIALS BASELINE
(Parallel Burn - Solid (2-156 IN.)
Figure 4.11-2 defines the cross-sectional geometry of the insulation/TPS con-
cept. The thicknesses and unit weight required for the concept are shown for the
LH 2 tank at a 200°F ablator/foam interface temperature.
The basic TPS weight is calculated with input of unit weights for six general
regions on the tank surface. The thermal protection system (TPS) is calculated
using these unit weights and the basic tank dimensions calculated previously.
A fixed i0 percent contingency is added to the total TPS. Table 4.11-1 defines the
TPS input data requirements. Figure 4,.11-3 shows representative input data for the
200°F ablator/foam interface temperature baseline TPS design.
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EXTERNAL TANK TPS INPUT DATA
VARIABLE NA_E
NCTPS
UCTPS
LCTPS
CYTPS
DMTS
INTPS
DEFINITION
NOSE CAP TPS UNIT WEIGHT
UPPER CONE TPS UNIT WEIGHT
LOWER CONE TPS UNIT WEIGHT
CYLINDER (LH2 TANK) TPS UNIT WEIGHT
AFT DOME (LH2 TANK) TPS UNIT WEIGHT
INTER TANK TPS UNIT WEIGHT
REPORTMDC E0746
VOLUME I
28 FEBRUARY 1973
UNITS
LB/FT 2
LB/FT 2
LB/FT 2
LB/FT 2
LB/FT 2
LB/FT 2
_0°F ABLATOR/FOAM
INTERFACE TEMPERATURE
NCTPS = 1.101LB/FT 2
"¢_['_---- - UCTPS= 0.8444LB/FT 2
_- • LCTPS = 0.7365LB/FT2
------- INTPS= 0.8969LB/FT 2
4-- CYTPS = 0.6526LB/FT 2 (AVG)
DMTPS= 0.5149 LB/FT 2
FIGURE 4.11-3 REPRESENTATIVE INPUT DATA
FOR BASELINE TPS UNIT WEIGHTS
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4.12 Propellant Systems - The basic estimation method for the propellant
systems is based on an MI)AC detail point design with scaling laws for changes in
orbiter engine flow rate, mixture ratio, and tank dimensions. An itemized list of
the propulsion system components that make up this baseline system is given in
Table 4.12-1 along with the corresponding computer program output. The following
is a generalized description of this system.
TABLE 4.12-1
EXTERNAL TANK BASELINE PROPELLANT SYSTEMS
1,530,800 L8 PROPELLANT
LOX FEEBLINE JACKET
LOX FEED SYSTEM
°LOX TANK PROPELLANT FEEDLINE - _ (17" NOM DIA X BOO" LONG)
°LOX FEEDLINE FLEX PROVISIONS (3 UNITS CA) (17" NOM OIA X 50" LONG}
°LOX FEEDLINE DISCONNECT HALF - ] (16" NOM DIA X IN" LONG)
SUPPORT ALLOWANCE
LH2FEEO SYSTEM
°LH Z TANK PROPELLANT PEEDLINE " I (16" NOM DIA X 121" LONG)
°LH 2 FEEDLINE FLEX PROVISIONS (3 UNITS CA) (16" NOM DIA X 48" LONG)
°LH? FEEDLINE DISCONNECT HALF - I (16" NOM OIAX ID" LONG)
SUPPORT ALLOWANCE
LOX VENT SYSTEM
°VENT & RELIEV VALVES
°GIMBAL ASSEMBLY
°DUCT & MANIFOLD
976 LB
LOX PRESSURIZATION SYSTEM
°LOX PRESSURIZATION LINE
_LOX PRESSURIZATION FLEX PROVISIONS
_LDX PRESSURIZATION DISCONNECT HALF
°LOX PRESSURIZATION DIFFUSER
452
548
255
318
1,$71 L8
182
276
255
178
891 L8
FEED SYSTEM TOTAL 3,438 LB
- 2 (11" NOM OIAX 22" LONG) 224
-_ III" NOM OIA Ill" LONG) I05IT '_ NOM OlAx 70" LONG) lBB
SUPPORT ALLOWANCE ll3
564 LB
- 1 (3" NON DIA X 2,530" LONG) lOB
- A (3" OlA X 9 _ LONG) 24
- 1 13" DIA X 5'_ LONG) 12
- 1 (12" DIA X 24" LONG) 40
SURRORT ALLOWANCE A6
231 LB
LM2 VENT SYSTEM
°VENT & RELIEF VALVES
°DISCONNECT HALF
°MANIFOLD {TEE)
{II" NOM OIAX 22" LONG) 224
(11" NOM DIA W B" LONG) 32
(II" NDM DIA X 20" LONG) 45
CANNISTER &
SUPPORT ALLOWANCE 126
427
LHH2 PRESSURIZATION SYSTEM
=LH Z PRESSURIZATION LINE
PRESSURIZATION FLEX PROVISIONS
!!!i PRESSURIZATION DISCONNECT HALFPRESSURIZATION DIFFUSER
(3" NOM OIAX 1,860" LONG) 66
()" NOM OIAx 3 TM LONG) 12
(3" NON DIA X 5" LONG) 12
112" NOM DIA X 24" LONG) BS
SUPPORT ALLOWANCE
IRA
VENT & PRESS TOTAL 1,366
LB
LB
PNEUMATIC SYSTEM
°PNEUMATIC LINE
oACTUATION CONTROL VALVES
°pNEUMATIC DISCONNECT HALF
°CHECK VALVE
°PLENUM
(1t4" NOM DIA X 3,250" LONG)
(1/4" NOB OlAX 3" LONG)
112" NOM DIAI _i _ LONG)/2 NOM DIA LONG}
(10 '_NOM OIA)
SUPPORT ALLOWANCE
SUMP & VORTEX CONTROL
PU SYSTEM
TOTAL COMPUTER OUTPUT
PR'_PELLANT SYSTEMS [
FEED SYSTEM
PRES. AND VENT
SUMPS & V_RTEX CTL
PNEUMATIC & PU SYS
52_;6.
34,39.
1366.
_20.
24l.
2=1.5
B
2,5
2
8
II
56 LB
220
185
5,265 LB
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The HO tank propulsion systems consist of LOX and LH 2 feed systems, LOX and
LH 2 vent systems, LOX and LH 2 pressurization systems, pneumatic system, sump and
vortex control systems, and PU system.
LOX is supplied to the Hi Pc orbiter engines from the tank through one 17-
inch diameter feedline which is routed down through the LH 2 tank and enters the
orbiter in the engine area. A jacket is installed around this line to isolate
it from the surrounding LH_, For the separate bulkhead designs the LOX line is
routed external to the L_L2 tank and this Jacket is not required. The LH 2 feed
system consists of a single 16-inch diameter line from the tank sump to the
orbiter. Both LOX and LH 2 feedlines have flexibility provisions and disconnects.
The LOX vent system consists of an ll-inch diameter vent line running from
the forward dome of the LOX tank to two vent valves in the nose cone region.
Flexibility provisions are also included.
The LOX pressurization system consists of 2530 inches of 3-inch diameter line
which supplies gaseous oxygen (from the engines) from the orbiter interface to the
oxygen tank. The line includes flexibility provisions and a disconnect half.
Tlle LH 2 vent system consists of an ll-inch diameter vent line and two ll-inch
valves which are located in a recessed compartment in the wall of the LH 2 tank.
Also included are flexibility provisions and a disconnect half for ground venting.
The LH 2 pressurization system consists of 1560 inches of 3-inch diameter line
for supplying gaseous hydrogen (from the engines) from the orbiter interface to the
LH 2 tank ullage. Included in the system are flexibility provisions, a diffuser,
and a disconnect half.
Tile pneumatic system consists of: i) 3250 inches of i/4-inch diameter line;
2) eight actuation control valves for controlling the vent valves; 3) plenum,
4) check valve; and 5) disconnect half.
Both tanks have sumps for minimizing undrainable residuals and controlling
vortexing. A PU system with capacitance probes in each tank is used for loading
and controlling engine mixture ratio during burn to minimize residuals.
4.13 Deorbit System - The retro rocket propellant is calculated, based on an
input required retro delta velocity and ISP. The basic system weight is calculated,
using a fixed retro rocket mass fraction of 0.7326, which also includes system
mounting and support provisions..
4.14 lliscellaneous Systems - Avionics weight is an input constant. An
additional input (MISC) is available for any other desired constant weight.
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4.15 Growth/Uncertainty - Two options are available for calculating growth/
uncertainty either as a fixed percent of dry weight or with an input of fixed dry
weight which sets growth/uncertainty equal to the difference between the calculated
dry weight and the input fixed dry weight.
4.16 Residual Propellants - The previously calculated propellant inventory
which is used to establish the total tank volume requirements is also used to
determine the specific amount of propellant which is still on board at burnout
Usable Propellant
and is thus used to determine the overall t._nk mas_ fraction (External Tank Gross Weight
for performance calculations.
4.17 Simplified Equations Option - Within ESPER the external tank module
contains the option of util zing simplified equations to define the external tank
weight rather than tlle deta±i analysis.
The purpose of this option is to reduce the computer run time required, as
well as, eliminate most of the input variables required to run the detail program.
The equations consider external tank usable propellant load, second stage propel-
lant load and tank diameter.
Detail runs of the external tank module were made to parametrically size
the NR baseline tan" design. The resulting computer output of external tank dry
weight was plotted against total propellant load and second stage propellant load
for three variations in tank diameter, i.e., 250 in., 300 in., and 350 in. This
data was analyzed using a least squares curvefit to determine the three dimensional
equation coefficients. The resulting equations are given in Table 4.17-1.
The curvefit results vs the actual computer output are given in Figure 4.17-1.
TABLE 4.17-1
EXTERNAL TANK CURVEFIT ROUTINE FOR PARAMETRICALLY SIZING
THE NR BASELINE TANK DESIGN
bC8
T; (_ATP_._,LT. ,50) RATP_I,5_
C_'_"_I _. 777+] _,6_,_'_RATm_
C_'A'-qlg_7,&,_4w, C_*RATnR9
C_g"-,,_OOiO_7-, COO01 60P'WnATP_
CFF-'C_C_.CF]*_F
C_E"CCA +CF-]_,_F
[_ (PPgP_T_LT, _ 00_00 _ I 9m_YWTID_YWT* ( _ , _ I $20., C_O00CIO I_._.PRRP_T )
I_(P_P_T,ST,]O0_O00, ) r)_Y_TIDRYWT*(oC)O_._IT+,hDOOOOOB&7._PRBPgT)
_LJISLj_*_ RY ,JT
pCSI?_r=2pO6,+,OOINTR.m!_pOT
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REFERENCE: MASSPROPERTIES STATUS REPORT
NO. SD72-SH-0120-3
DATED: 2 DECEMBER 1972
TANK MODULE COMPUTEROUTPUT VS CURVEFIT RESULTS
100 FIXED TANK DIAMETER = 250"
80 - _ 1 _m
6O
4O
20
h_
2.1%
I
PROPO = 5 x 106LB
100
':':I,
I
I-.-
X
I00
80
6O
4O
_.,._._ PROPO=2,x1o6LB
2.15%
PROPO = 1.5xl0 LB
|
-- 1.77%
;PROPO= 1.0x 106LB
COMPUTEROUTPUT
..... CURVEFIT RESULTS
FIXED TANK DIAMETER= 300" ! m
_,,,_ PROF = 2.0x106LB
....... I 3.0, I
_A.. _ PROP0= 1.5 xl06 LB
i _ _., _ _ _'__
1 L 4.3_o I
.,,,,I_ PROPO : 1.0x 106 LB I
"" _ ANR POII_ DESIGN,
t 8.6_; PROPq
PROPO= 5 x 106 LB PROPq
D = 304"
= 1.65 x 106 LB
1245551LB
t FIXED TANK DIAMETER= 350" 12.7% ]
__ ___ x 106LB
J.--.._ROPO:1.5x1o6LB
....."---"?" I,.
m_,_ -__PROPO= 1.0x 106LB_ oL--2.8°_,;I
PROPO= 0.5x 106LB
I I
0.5 1.0 1.5 2.0
PROP02 - LB x10-6
FIGURE 4.17-1 NR BASELINE EXTERNAL TANK DESIGNPARAMETRICALLY SIZED
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4.18 Input Data - The External Tank Module complete input data nomenclature
is given in Table 4.18-1. Three sample data files for the three baseline tank
designs previously discussed are given in Table 4.18-2. Figure 4.18-1 presents
recommended limits for tank sizing input data.
TABLE 4.18-1
EXTERNAL TANKINPUT DATA NOMENCLATURE
VARIABLE NAME DEFINITION UNITS
INPUT PARAMETERS
PROPO
PROPO2
MRI
NR, ND
HRI
THETA
LA
UPERO
UPERF
OPRES , OUPRES
FOPRES, FUPRES
THRO, ISPOT
BLKHD
BX
LCON
K
HBIAS
Useable Propellant Load LB
Useable Propellant Required for 2nd Stage LB
Burn
Mixture Ratio, Oxidizer/Fuel ND
Nose Cap Radius and/or Nose Diameter IN.
Ratio of Blkhd Height to Blkhd Hemispherical ND
Radius _ HR/R
0 - Forward Cone Angle DEG
Load Allowance (i + Dec. %) ND
Percent Oxidizer Ullage (i + Dec. %) ND
Percent Fuel Ullage (i + Dec. %) ND ?
Oxidizer Pressure Operating, Ullage LB/IN_
Fuel Pressure Operating, Ullage LB/IN _
Orbiter Eng. Thrust, ISP for Flow Required LB SEC
Ind. i - Common; 2 - Separate; 3 = Alternate
Dummy Ind. to Test Series Burn Pt. Des.
Clearance Between Bulkheads IN.
Structural Space Allowance IN.
Optional Fixed Fuel Bias LB
GEOMETRY SOLUTION
INPUT OPTIONS
LD
LF
DF
Required L/D - Output is Resultant Length ND
and Diameter
Required Fixed Length - Output is Resultant IN.
Diameter
Required Fixed Diameter - Output is Resultant IN.
Length
INPUT REQUIRED FOR INITIALIZATION
DI
LI
HHI
Initial Guess at Tank Diameter
Initial Guess at Tank Length
Initial Guess at Fuel Tank Length
IN.
IN.
IN.
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VARIABLE NAME
TABLE 4.18-1
EXTERNAL TANK INPUT DATA NOMENCLATURE (Continued)
DEFINITION UNITS
STRUCTURAL MATERIAL PROPERTIES
RHO
PTU
E
FS
TMIN
Material Density
Material Ult. Tensile Strength
Material Modulus of Elasticity
Factor of Safety
Material Minimum Gauge
LB/IN3_
LB/IN_
LB/IN"
ND
IN.
LOADS PARAMETERS
THBSL
NN
CANT
BGLOW
RI, R2, RL
NXL
NXS
Total Booster S.L. Thrust
Number of Booster Engines
Booster Thrust Cant Angle
Booster Gross Liftoff Weight
Orbiter Interstage Reaction Loads from
Orbiter Module
Liftoff Vertical Load Factor
Staging Vertical Load Factor
LB.
ND
DEG
LB
LB
ND
ND
IND. ENVIRON. PROT.
NCTPS
UCTPS
LCTPS
CYTPS
DMTPS
INTPS
Nose Cap TPS Unit Weight
Upper Cone TPS Unlt Weight
Lower Cone TPS Unit Weight
Cylinder (Fuel Tank) TPS Unit Weight
Aft Dome (Fuel Tank) TPS Unlt Weight
Inter Tank TPS Unit Weight
LB/Fr 29
LBIFT_
LB/FT 2
LB/FT?
LB/FT_
LB/Fr-
OTHER PARAMETERS
RETDV
RETISP
AVlON
MISC
GUP
FIXDWT
AFT
Retro Delta Velocity
Retro Rocket ISP
Constant Inputted for the Avionics System
Weight
Additional Input Available for any Desired
Constant Weight Increment
Growth/Uncertalnty (Dec. %)
Optional Fixed Dry Weight if Greater than
Zero Growth/Uncertainty is Calculated as
Difference Between Calculated Dry Weight
and Fixed Dry Weight
Ind. 0 = LOX FWD; I = LOX AFT
F_/SEC
SEC
LB
LB
ND
LB
ND
k_
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TABLE 4.18-2
SAMPLE DATA FILES
EDI T
, Ty 0-_0
I •000
2.000
5•000
3 •500
a •000
5.000
_.000
7.000
_.000
_•000
10•000
I I •000
12 •000
TN}KDAT BASELINE MDAC COMMONBULKHEAD DESIGN
PPOPO:I530_OO•,MRI-6•,THETAm20•,NR-?5•,IIPERO-'I•0_,LA:I •01
T_{_'O: ! 410000 •, I RPOT--455., FOPREg-AO., OPRE_=30 •, FTIPF)E_--40.
O[IPREHmlR•,HHI:IOO•,LCON:O•,BLKHD:I •,BY:I•,_':O.
[IPERF:I •02,HRIAS:0.,HRI :.5
LD'4.9RP35, D! :0., L I:I 000., L F:O., D F:O •
GilD: •02, FIYDWT:O.,CA _]T:15 •, A FT:O.,RHO: •107, FTII:6,_000 •
E:10500000 •, NN-2 •,THR_L:4RO2000•,BGL01'/:225_._;00.
NCTP_:I •lOI,IICTPS:•R444,LCTPS:•73_;5,CVTPS:•65'7_;,DMTP-C,.51_
I_TP':::•R_E(_,_ _,1:l_4500• p2:434=OO•,RL:165,_O00.... ,_vL:I.4
NYF :3 •13,PROPO_: I155220., ND: 0., FH--I .A, TMI N:. 095, A_IION:_ 74 •
MIHC:O•,R ETDV:?00.,RETISP:260.*
LD:O., D! :I O0•,L F:! 694.*
DF:.340., DI :0•*
--EOF HIT AFTER
EDIT T_}KDAT2
• _, 0-20
! •000
2 •000
3•0OO
3 •500
4 •000
5 •000
_•000
7.000
_•000
9 •000
10•000
I I.000
12 •000
-- EnF HI
W_
EDIT NR T N}<
• TY0-2 0
!•000
2 •000
3.000
.3 •500
4.000
5 •000
_•000
7.000
g •000
9.000
I0•000
12 •000
r 13 •000
--EOF Hl
12.
MDAC SEPARATE BULKHEAD DESIGN
PROPO:942100•,MRI:6•,T)JETA:IS•,NR:33•,IJPERO-I.02,LA:l •01
THRO:I 410000 •, ISPOT:455., FOPRE.g:70., OPREH_-,I;O•, FUPRES: aO.
OUPREH:I _.,HHI :I O0.,LCON:20.,BLKHD:2.,BX:O•,K:O •
UPER F:I .02,HBIAH :0., HRI --•5
LD:4.6_152,LI:1000 •,LF=O •,DF_-O.
• FTIl:64000.GUP:.O_2,FIXD_IT:O.,CANT:O.,AFT:O.,RHO: 102,
E:10500000., NN:2., THBSL:64a5276.,BGLOW:39_01RT.
NCTP_:I .101, IlCTP,_:._444,LCTPS:.7365,CyTPH: .65_6,DM'rPS: .5 la,_
..... NYL: l 4
_'2:434_00.,RL:1S54000 ,llCrm_:._(_69,Rl:194500 , • •
NXH:3.0, PROPO2mg4_.I O0 ., ND:O., Fg: I .4 ,TMI N: .025, AVI ON:3 45
MIHC-O .,R ETDV-200 .,R ETIg'"2GO.*
LF:1470.,LI=0.,LD--0 .*
DF:31 a.,LI :1000, ,tF:O .*
T AFTER 12.
NR BASELINE DESIGN (2 DEC 1972)
PROPO: l650000., MRI :6., THETA:_O., ND:41 ,, UPEPO-- l.07_7, LA- I .01
THR O: l 410000., I ,_POT:455 2-, FOPRE._:37., OPRE._=gP., FIlthiER:35.
OtlPREfi:ZO.,HHI:IOO.,LCON:30.,BLKHD:3.,Bx:I.,F:.15
UPERF:! .03, _BIA_:I300.,HRI :.(;496
LD:O., DI :O.,LI:! O00.,LF:O.,DF:304.
GUP: .073, FIXD_aT:O., CA _T:_.5, AFT:O.,RHO:. lOP, FTII:6aO00.
E: 10500000., NN:R., THB_L:7_34000.,BGLOW:37-761 I 4.
NCTP,_: l . I01 , UCTP._:._444,LCTPS:. 7365, CyTPH:.6526, DMTPg:.5 l4_
I NTPS: .q969,R I- l41000. ,R2:46gO00. ,RL: l65 4000., NYL: I.4
• . . AVION:_O0.NXS:3 3,PROPO2:1245551 ,NR:O ,F_:I.4,TMIN:.025,
MISC:O.,R ETDV-200 .,RETI£P :260.*
DF:O .,LF:21 $2.*
LD:7.11 184,LF:O .*
T AFTER 13.
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V
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0
4000
3200
2400
1600
800
RECOMMENDEDMINIMUMDIAMETER--_
ID= 250"f
f
f
f
•D= 300"
I
RECOMMENDED
MINIMUMLENGTH--
_"'--- RECOMMENDEDMAXIMUMDIAMETER
0.5 1.0 1.5 2.0
USEABLEPROPELLANTLOAD-LBx10 _
FIGURE 4.18-1 EXTERNAL TANK OVERALL LENGTH vs USEABLE PROPELLANT LOAD
MR = 6. LOX/LH 2 - LOX Fwd Separate Bulkhead Design
2.5
4.19 Output - Computer output from the three input data files of Table 4-14
are given in Tables 4.19-1, 4.19-2 and 4.19-5 through 4.19-8. The NR baseline
tank output of Tables 4.19-1 and 4.19-2 corresponds to the point design weight
summary given in Table 4.19-3. The computer output dry weight for this tank
is within 1.5 percent of the reported weight given in Table 4.19-3. Table 4.19-4
shows the MDAC point design weight analysis and the corresponding computer output.
This data indicates program accuracy of considerably better than 1 percent.
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TABLE 4.19-1
NR BASELINE SEPARATE BULKHEAD
(Fixed Diameter Case)
EXTERNAL TANK PROPELLANT INVENTORY
ITEM LOX LH2
PROPELLANT WEIGHT-LB.
ASCENT (INCLUDE3 FPR) 1414285• 255714•
START PROPELLANT 7411• 1440•
SHU lrDOW N ADJUSTMENT 150• 87.
FEEDLI NE RESIDUAL 918. 254•
CHI LLDOI_N RESIDUAL 154. 6.
ENGINE RESIDUAL 1072. 75.
?U BIAS O. 1500.
T_NK U NDRAI N_BLE 300. 100.
PRESSURA NT 2084. V50.
NOMINAL LOAD 1426349• 239926.
LOADING ALLOWANCE 14264. 2399.
%XIMUM LOAD 1440612. 242325•
PROPELLANT BELOW TANK - 20351• - 335.
MAXIMUM LOAD IN TANK 14202GI. 241990.
PROPELLANT VOLUME-FT3
PROPELLANT VOLUME IN TANK 20004• 54998.
TA% VOLUME FOR FLUIDS 20598. 56648.
VOL. DISPLACED BY LOX FEEDLINE O. O.
TOTAL TANK VOLUME _0598•
EXTERNAL TANK DIMENSIONAL DATA
56648.
X X X XX X XXXXXXX XXXX X .....
THETA X X X X •
•X X X X
ND •••X X• ••LOON R.••X
•X X X X •
• X X X X. •
• X X X X X X X X X × X X X X X X × × .----
• . .HR..
.-HC-- .-HO--.. HH .HR.
. L:HC+HO+HR+LCON+HH+HR .
REPORTMOCE0746
VOLUMEI
28 FEBRUARY1973
ND-41.0 IN. THETA-30. DEG. HC: 2?7.5 IN.
NO-- 326.£ IN. HH- 1310.6 IN. K: .15 IN.
LCON- 30.0 IN.
LOAD ALLOWANCE-I .01 LOX ULLAGE: I.03 LH2 ULLAGE:I.03
LOX TANK VOLUME: 20598. FT3 LH2 TANK VOLUME= 5£648. FT3
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TABLE 4.19-2
NR BASELINE SEPARATE BULKHEAD
(Fixed DiameterCase)
EXTERNAL TANK WEIGHT SUMMARy
ALTERNATE FWD SECTION(WITHOUT NOSE FAIRING)
SEPARATE BULKHEAD-LOX FWD
WEIGHT
-LB.
WEIGHT
-LB.
BODY GROUP [ 51B40. ] IND. ENVIRN. PROT. [ ?878. ]
FWD TANK ( 12391. ) NOSE FAIRING O.
FWD BULKHEAD 14. FWD CONE & CYL. O.
CONICAL SECTION 2784. INTER TANK IG87.
CYLINDRICAL SECT. 5346. AFT CYL & DOME 6191.
AFT BULKHEAD 4247.
INTER TANK SECT. ( 5254. ) PROPELLANT SYSTEMS [ 5118. ]
AFT TA_K ( 24581. ) FEED SYSTEM 2914.
FWD BULKHEAD 2579. PRES. AND VENT 1746.
CYLINDRICAL SECT, 19027. SUMPS & VORTEx CTL 220.
AFT BULKHEAD 2975. PNEUMATIC & PU SyS 237.
ORBIBSTR/TANK ATT.( 81G8. )
NOSE FAIRING ( O. ) AVIONICS [ BOO. ]
UMBILICAL PANEL ( 300. ) DEORBIT SYSTEM [ 2535. ]
TUNNEL ( 644. ) MISCELLANEOUS [ O. ]
BAFFLES-LOX ( 491. )
SUBTOTAL DRy WEIGHT 68]70.
SUBTOTAL DRY WEIGHT 68170.
GROWTH/UNCERTAI NIY
DRY WEIGHT
[ 5113. ]
73 283.
RESIDUAL PROPELLANT[ 5461.
TANK U NDRA INABLE 400.
FEEDL INE TRAPPED 307.
PRESSURA NT 3254 .
PU BIAS 1500.
INERT WEIGHT 78744.
USABLE PROPELLANT [ 1650000. ]
TOTAL GROSS WEIGHT 1728743.
LAMBDA:WPROP/WGROSS: .9545
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ITF, M
BODY GROUP
IND. ENVIR. PROT.
PROPULSION, ASCENT
PROPULSION, AUX.
AVIONICS
GROWTH
SUBTOTAL (DRY WT)
RESIDUAL FLUIDS
SUBTOTAL (INERT WT)
PROPELLANT - ASCENT
TOTAL WEIGHT -
TABLE 4.19-3
NR POINT DESIGNWEIGHTSUMMARY
REFERENCE: 2 DECEMBER 1972
MASS PROPERTIES STATUS REPORT
WEIGHT
-LB.
48,320
7,910
7,090
3,100
800
5 _040
72,260
9,580
81,840
1,650,000
1,731,840
LAMBDA = 0.9527
REPORT MDCE0746
VOLUMEI
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TABLE 4.19-4
ORBITER HO TANK
PARALLEL BURN-SOLID (2-156") BOOSTER
WEIGHT SUMMARY
COIq?LETgD CCt_LETED
ANALYSIS MULYSIS
MTS. tiTS.
SODTC_UP [6g,030]
FuEL TANK (22,603)
BULKHEAD 3,559
CYLINDRICAL SIDEWALL 19,044
OXIDIZER TANK ( 8,157)
EULK}tEAJ) 337
S I DEWA/.L 7,480
BAFFLES 340
COmeR BULKHEAD (4,340)
BOOSTER/ORB/TANK ATTACH (12,966)
NOSE FAIRING ( 464)
In_mILIcAJ.e_-L ( 300)
rnmzL ( 200)
n_UCED_vx_os_ P_OTECr. [ 6.,_]
ABLAT OR 5,
FOAM 612
PRIMER, PAINT AND SF.,ALER 590
P_DPELLANT SYSTEMS [ 5,265]
FEED SYSTEM 3,439
PRESS, AND VENT 1,366
Stl4PS & VORTEX CONTROL 220
PU SYSTEMS 185
PNEUMAT ICS 56
ID.IP=T/ZE_TON [ 274]
BATTEIHS 20
DISTNIBETION 20
lq_IN¢ UNITS 29
PU IL-rCT]_ON I C S l0
IUdCE SALTY 30
I I_J T'I_.'_I[NTAI*IOM 17
COAX A_q) W"[RI'_G 148
DEOP31T SYSTEIJ [ 2,170]
DLY WEIGET 64,550
• la[SID_tI, rlmFKLtaerrs [ 3,854]
TAIIK L_[]_UIIA/ILILq i00
IqlZD LTNI TIAPPI_ 317
pmsc_urt 2,690
!"0 lI._ 547
ZmT WEIGHT 68,404
_ABLE PROPELLANT [1,530,800]
TOTAL GROSS WEIGHT 1,599,204
_,. WpRDP =
WGI_SS
0.9572
ComputerOutput (Fixed Length)
EXTERNAL TANK WEIGHT SUMMARy
COMMON BULKHE4D-LOX FWD
WEIGHT
-LB.
BODY GROUP [ 49203. |
FWO TANK ( 8747. )
FWD BULKHEAD 612,
CONICAL SECTISN 3904,
CYLINDRICAL SECT. 4230.
AFT BULKHEAD 0.
INTER TANK SECT. ( O. )
AFT TANK ( 29157. )
FWD BULKHEAD 6658.
CYLINDRICAL SECT. 18729.
AFT BULKHEAD 3771.
ORB/BSTR/TANK AIT.( 103_g. )
NOSE FAIRING ( 362. )
U_ILICAL PANEL ( 300. )
TUNNEL ( 200. )
BAFFLES-LOX
WEIGHT
-LB.
IND. ENVIRN, PFtOT. ( 6416. ]
N3SE FAIRIWG 650,
FWD CO_E & CYL. 0.
INTER TANK 0.
AFT CYL & DOME 5766.
PROPELLANT SYSIEMS [ 5269. )
FEED SYSTEM 5442.
PRES. AND VENT 1366.
SUMPS & VORTEX CTL 220.
PNEUMATIC & PU SYS 241.
AVIONICS [ 274. ]
DEORBIT SYSTE_ [ 220_. !
MISCELLANEOUS [ 0. ]
( 359. ) ...............................
SUBTOTAL DRy WEIGHT 63370.
SUBTOTAL DRY WEIGHT 63370.
GROWTH/UqCERTAINTy [ 1267. ]
DRY WEIGHT 64657.
RESIDUAL PROPELL_NTI 3853. 1
TANK UNDRAI_SLE I00.
FEEDLINE TRA_PE_ 317.
PRESSUR_NI 2890.
PU BIAS 547.
....... ............. . ...........
INERT _EIGHT 68490,
USABIF PROPELLANT [ 1530800. ]
........... .....................
TOTAL GR3SS WEIBHT 1599289.
LARBDA:WPROP/WGROSS: .9572
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TABLE 4.19-5
MDAC BASELINE COMMON BULKHEAD
(Fixed L/D Case)
EXTERNAL TANK PROPELLANT INVENTORY
REPORTMDCE0746
VOLUMEI
28FEBRUARY1973
ITEK
PROPELLANT WEIGHT-LB.
ASCENT (INCLUDES FPR)
S[ART PROPELLANT
SHUTDOWN ADJUSTMENT
FEEDLINE RESIDUAL
CHI LLDO_JN RESIDUAL
E'JSINE RESIDUAL
PU BIAS
TANK U NDRAI NABLE
PRESSURANT
LOX LH2
13 12114. 218686.
7414. 1441.
150. 87•
918. 2_4.
134. 6.
10 72. 75.
0. 547•
O. 100.
1740. 795.
NOMINAL LOAD
LOADING ALLOWANCE
1325557. 2220 20.
15256. 2220.
NAXIMUM LOAD
PROPELLANT BELOW TANK
1336772. 224240.
- 13082. - 365.
MAXI M[JM LOAD IN TANK
PROPELLANT VOLUME-FT3
PROPELLANT VOLUME IN TANK
T_NK VOLUME FOR FLUIDS
VOL. DISPLACED BY LOX FEEDLINE
1325690. 223875.
18644. 508B1•
19016. 51_9B.
O. 227.
TOTAL TANK VOLUME 19016.
EXTERNAL TANK DIMENSIONAL DATA
52125.
--X X X X X X X X X X X × X X X X X ×
THETA X X X •
•X X X X
NR•.X ND X•.OR ;D X R..•X ;
•..× X • X X •
.. . X X X. •
.. .HOR. X X X X X X X X X X X X X X X X X X .----
.-- .HCO. .HR.
HN--. ---HC--.-HO H N .HR
• L='HN+HC+HO+HH+HR .
L: 1592.0 IN. D: 359.5 IN. L/D: 5.0 R: 196.1 IN. HR: 98.0 IN.
NR: 25.0 IN. OR: 128.7 IN. OD: 222.9 IN. HOR: 64.4 IN. XCO: 160.3 IN.
ND: 47.0 IN. THETA: 20. DEG. HC-- 402.0 IN. LCON: .0 IN.
HO: IBI.5 IN. HH: 994.2 IN. K: .00 IN.
LOAD ALLOWANCE:I.OI LOX ULLAGE: I.02 LH2 ULLAGE: I.02
LOX TANK VOLUME: 19016. FT3 LH2 TANK VOLUME: 52125. FT5
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TABLE 4.19-6
MDAC BASELINE DESIGN
(Fixed L/D Case)
EXTERNAL TANK WEIGHT SUMMARY
COMMON BULKHEAD-LOX FWD
WET GHT
-LB.
WEI GHT
-LB.
BODY GROUP [ 49219.
F!qD TANK ( 8747.
FWD BULKHEAD 613.
CONICAL SECTION 3913.
CYLINDRICAL SECT. 4221.
AFT BULKHEAD O.
INTER TANK SECT. ( O.
AFT TANK ( 29 l72.
FWD BULKHEAD 6671.
CYLINDRICAL SECT. 18723.
AFT BULKHEAD 3778.
ORB/B STR/TANK ATT.( 10100.
NOSE FAIRING ( 3G2.
UMBILICAL PANEL ( 300.
TUNNEL ( 200,
BAFFLES-L OX ( 336.
] IND. ENVIRN. PROT. [ 6414.
) NOSE FAIRING 651.
FWD CONE & CYL. O.
INTER TANK O.
AFT CYL & DOME 5763.
) PROPELLANT SYSTEMS [ 5256.
) FEED SYSTEM 3439.
PRES. AND VENT 1366.
SUMPS & VORTEX CTL 220.
PNEUMATIC & PU SYS 241.
)
) AVIONICS [ 274.
) DEORBI T SYSTEM [ 2208.
) MISCELLANEOUS [ O.
SUBTOTAL DRy WEIGHT 63382.
SUBTOTAL DRY WEIGHT 63382.
GROWTH/UNCERTAINTY [ 126B. ]
DRY WEIGHT 64650.
RESIDUAL PROPELLANT[ 3853.
TANK UNDRAI NABLE 100.
FEEDLINE TRAPPED 317.
PRESSURANT 2890.
PU BIAS 547.
omeoo
INERT WEIGHT 68503.
USABLE PROPELLANT [ 1530800. ]
TOTAL GROSS WEIGHT 1599302,
LAMBDA WPROP/WGROSS .9572
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MDACBASELINESEPARATE BULKHEAD
(Fixed LengthCase)
EXTERNAL TANK PROPELLANT INVENTORY
REPORTMDCEO74G
VOLUMEI
28 FEBRUARY1973
ITEM LOX LH2
PROPELLANT WE IGHT-LB•
ASCENT (INCLUDES FPR) 807514. 134585.
START PROPELLANT 1015. 372.
SHUTDOWN ADJIJSEMENT 150. 87.
FEEDLINE RESIDUAL 918. 25G.
CHI LLDO:_ N RESIDUAL 272. I_.
ENGINE RESIDUAL 1072• 75.
PU _!AS O. 336.
TANK UNDRAI NAOLE 300. lO0.
PRESSURA NT I0 71. 499.
PR
NOMINAL LOAD BI231P_. 136321.
LOADIrIG ALLOWANC r 8123. 1363.
MAXIMUM LOAD 820435. 137Gg4.
PROPELLANT BELO'_ TANK - 12538. - 351.
MAXI_IU_YJ LOAD IN TANK 80789g. 157355.
OPELLA NT VOLUME-FT3
PROPELLANT VOLUME IN T_;IK 11379. 31212.
TANK VOLUME FOR FLUIDS I IS06. 31_3S.
VOL. DISPLACED BY LOX FEEOLINE O. O.
TOTAL TANK VOLUME l160G. 31_3G.
EXTERNAL TANK DIMENSIONAL DATA
-X X XXXX XX XX XX XX XXXX .....
THETA X X X X •
.X X X X X!_R..X ND X..OR OD ...X X...LCON R...X
•..X X • X X X •
.. X X X X. •
.. :HOR. X X X X X X X X X X X X X X X X X X •....
HN--..-- .HCO. .HR..
. ---HC--.-HO--. HH .HR.
. L--HN+ H_,+H O+ HR+L CO N+HH+HR .
L: 1470.9 IN. D: 506.4 IN. L/D: 4.8 R: 176.9 IN. HR: 8_.4 IN.
NR: 55.0 IN. OR: I05.I IN. OD: 178.5 IN. HOR: 51.5 I_. HCO: 23__.S IN.
riD: 65.B IN. THETA: 15. DEG. HC: 452.7 IN. LCON: 20.0 IN.
HO: 60.5 IN. HH: 735.5 IN. K: .00 IN.
LOAD ALLOWANCE:I.OI LOX ULLAGE: I .02 LH2 ULLAGE:1.02
LOX TANK VOLUME: I IGOS. FT3 LH2 TANK VOLUME: 51856. FT5
446
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TABLE 4.19-8
MDAC BASELINE DESIGN
(Fixed Length Case)
EXTERNAL TANK WEIGHT SUMMARy
SEPARATE BULKHEAD-LOX FWD
WEIGHT
-LB.
WEIGHT
-LB.
BODY GROUP [ 50505
F_D TANK ( 10665
F_,_'9B ULKHF_,AD 357
CONICAL SECTION 4608
CYLINDRICAL SECT• 1662.
AFT B ULKHZAD 4037
INTER TANK SECT• ( 4764
AFT TANK ( 26590
FWD BULKHEAD 3704
CYLINDRICAL SECT. 18970
AFT BULKHEAD 3917
ORB/BSTR/TANK ATT.( 7l 79
NOSE FAIRIN3 ( 292
UMBILICAL PANEL ( 300
TUNNEL ( 446
BAFFLES-LOX ( 267
• ]
• )
• )
• )
• )
• )
• )
. )
• )
IND. ENVIRN. PROT. [ 5330. )
NOSE FAIRING 536.
FWD CONE _ CYL, O.
INTER TANK 1298.
AFT CYL & DOME 3496.
PROPELLANT SYSTEMS [ 4518. ]
FEED SYSTEM 2475.
PRES. AND VENT 1594.
SUMPS & VORTEX CTL 220.
PNEUMATIC & PU SYS 229.
AVIONICS [ 345. ]
DEORBIT SYSTEM [ 2246. ]
M ISCELLANEOUS ( O. ]
SUBTOTAL DRY WEIGHT 62943.
SUBTOTAL DRY WEIGHT 62943.
GRO_TH/UNCERTAINTY [ 3902. ]
DRY _EIGHT 65846.
RESIDUAL PROPELLANT[ 2903.
TANK U NDRAI NABLE 400•
FEEDLINE TRAPPED 307,
PRESSURA NT 1859 .
PU BIAS 336.
INERT WEIGHT 69749.
USABLE PROPELLANT [ 942100. ]
TOTAL GROSS WEIGHT 1011849.
LA_BDA:WPROP/WGROSS: .9311
REPORTMDCE0746
VOLUMEI
28FEBRUARY1973
V
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4.20 Program Llstlng - The followlng pages contaln the complete External
Tank Module FORTRAN program llstlng (Table 4.20-1).
TABLE 4.20-1
PROGRAMLISTING
t#:O_ FEm ?q, t73 |Ds_t5P
___J}P _5511*_4TS[Z
LI_I? (_3Kq)a(ACC_J_T)a(C_pg)_(?I_3 )e(LSs130 ),(_Sp200 }e(TSp500 le(gTeO)
PCL
1 "
] -
°
5 -
7 °
"t o
1"1 -
19 -
13 "
17-"
19 "
23 "
_,q .
_ -
_"q .
31 "
...33 -
"4_ o
35 "
":lq -
b,'h -
_ °
_,7 -
_,o .
5"1 °
53 "
55 "
T9 LP(<_WE)
• 50D _LASBgmT<SIZ39
l._09 SFIXED
3._OD C A_D _EI_HT <M_WI_3 HIXTURE q_TIS,USE_BLE PRO=EL_NT
b,300 E gS_D _D E_T4E_ RE;UI_ED TAN< L/DmLENGTH 9q DIAMETER.
5.?3D I_=LIS_T =EALf_-Z)
5°530 I_T_SE_ !
_,_00 _A_ELI_T
11.300 _,FUo_ES, DJ_RES_TH_,_5=DT_LF,DF_LC_NoBLKHD_B_,<,JP£ RRo
1_._03 &_ETDV,_FTTSP,_VIS_,HI_CeAFT_THBSLeNN_CANT*BGLB_HR!
16,90_ 30 l_.Jr(1}
17.q_O Ir(_rT._E._,) 3_ T5 11
l_.50D C _ET L!x A;T(I_VE_T H_ _ Sw|TCH DENSITIES)
I_.IO0 XrJ==.D_J_:ES
I_.53D XPE=D=J=E_C
J_._O___ X_E_r,_=ER_ .......
_D._30 c_EMo71.
BI._DD 9DE_=_._
PI.530 3q T_ I_
_1.630 C _!LI_E LgX Fg_WA_D
_3.630 C 14'ITI_LIZI DI,'E_SI_NS DR-FIXED DIA_ETE4J
B_.700 C LFmcI_E_ LE_DT4IL_mRIXED L/DJLI_HNI A_E
B3._30 C I_ITI_L _,JERSES
Pt.gDO 13 4qs44|
_u.13___ - r'iEL-==_SIII.*M_)
_u._DO 9XI_,=OEL_
_._3O TV__,rJEL/rDE_+DXID/_DE_
96.330 5 IFIDC.GT,_,) m,)¢
_7.n33 L'L! ..........
_.DO0 IV(Lr.3T,9,) L._ r
_.$OO 10 IF(LD.GT,O,) _SL/L_
3D,DDD D,D-P,-<
qD.5DO C CALTJL_TE DF_r4DEMT DI4E_SI_SJTHETA IS RwD
_3._33 C C_NE AM_L E IMPJTTED I_ DEGREES
_ltOOO_____b Ir(_<4n.Dt.2 .) 5_ 7__L6
_.330 16 4C,(._,Do.S*_D)/TA_(T4ETA/57*295B)
35.000 _,4_1,_
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TABLE 4.20-1
PROGRAMLISTING (Continued)
a7 - _7.900
_ _= - 3_,2D0
6_ " 43.330
_I " _I.793
62 - =1.533 C
6q - =?,3_3
_ - _. _3___
_ - 45.n00 17
_7 - =_._33 18
7n - _,_3
7_ - 3_.500 C
7_ " _5_D30 .....
7R - 57.330
83 - 5_.790
_I _3.930
_ " _1_?_0 .....
_P _7._gO
q_ - 57.130
9 m - 67._30
91 _7*330
_ - _7._30
?_ " _7°_30
O_ " _7*700
_7 - _._30
o_ - S9.533 C
aq . 73.300
131 " 71._0 C
1_ ° " 7_.730
I?_ - 73.?_0
1_ - 7_._0 C
13_ " 7_._3 C
137 - 75._30
In_- 75.500 C
10 _ " 7_.903
113 " 7_,530 C
t11 77.300
I_ _ = 77.500 C
11 _ " 7a,g00
11, - 79.300
11; - _3.000
35
36
C_L_JLATE )E=r_E_T V3LU_ES
VgL3=1.O_7_*H?_**2_(3.*fR'HSR}
3q T9 I_
VqL_a1.0472*4_=*_*(3o*q-H_)
IF(_L_4_.3T.I.O) V_LC=V_EA
WLTo_L_
_ALSJL*TE =P_PE_LANT I_VENT_qY
_rLqAW.qFL3,/(1.÷H_)
cUEL INVE'ITO_Y
FSTART13,255.BcL_X
cCYJT-.lgbS*SrL3WX
rC_ILu=.O1355*mCLS_X
Ir(mx._E.1.0) cCHILL=.O_35*_LSWX
_rT_,_-.l_9_l*grLS_x
r_l_..ODpSirllEL
Ir(qgI*S.ST.3.) r]IAS,HSI_S
r_ELB^,rEE)F+rC_ILL+r_G
I_i_T.E3.3 .) 33 T_ 35
JpE_r.X=EUC
_Um_E_-_FJ_R
_PRES-XFg=R
rP_SS,,O_I32_,_JEL.rJ=RES/%_,
3f' T9 3_
r=E_,._?6_7,rIIEL,(UmE_F+LA-2,)*rBP_E$/_O,
_q_I_L FJEL L9_3
_9_=jL.rUEL+ccT_qT+rS4UT+FEE3F+rCHILL+rENG+F_I_S+rDR&I _ .....
_+r_ESS ......
fuEL L_=DI_J3 &LLB_NE5
uA_j_=_9_UL,C_LL_W
_=XT_J_ FJEL IN T_NK
H_×rIT,M_rUL-_gELSW
_fUEL V_LU_E ....
cL)V_L,MAXFIT/r_EN
_D rJEL JLL^3E V_LUME
T_VCL-FIJV'_L.J=ERr
_DD V_L DISPLACED BY _X
T_VTT=TrV_L+3IS_V_
LINE Ir C_MMON BL<HD DES .....
9_WJT',O565*_rLSWY
rEE_5",_SG*5_LgWY
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TABLE 4.20-1
PROGRAMLISTING (Continued)
117 " {_°333
11_ - &3,DO0
l_O - _5.333
1? 7 - q7.933
12 _ - _.OO3
12w - _9.900
1;; - _.1_0
127 - R_._30
12_ - _9.w33
131 - q9.733
I?P " _3.333 37
15q " 91.030
13J= - _1.533 C
-i_'_ - _._33
1_ _ - _,533 C
1_ _ - 75._30
l_7 - _*330
151 " _=._30 C
157 " _.730 C
15_ - !31.933
1_5 " 13_,ngO
161 - 13_,500
1A_ - 137._30
16w - 1D_._30
1_5 - 11g.333
l_ - 111.O30
1_ _ " 117.333
1_ - I13.330
173 " 11W.330
171 115.330
17_ " 115.530 C
17_ - I73o330
17w " 171.333
17_ - 1_1,_30 C
17_ " 1_1,_33 C
177 " 1_?,?00
2O
_CWILL=.D53WW*qCLgWY
Irt_X._Eo1,0) 9CHILL=,1325*_¢L_WY
5LI_E..OOw&*(vw-W_)*SrL_WY
I;(_L<_.3T._.O) 9LINEI.OO_6*(HH+.5*D+LCSN)e_FL_/Y
9PEL_.:=gLI_E+FEED)+gC_ILL+_EW5
JpE_,X3E_9
_U=_ES,XgiJ=n
3PRESS,,O3363S*3WID*_J_RES/_3,
9nE;..O2667*_XTD*(JmE_+GA-2.}_PRES/W3.
39 T_ _=
5PRZ_=,O3132Z;gXID*_JmRES/18,
_ER..D_57*9_I)*(UnE_+LA-2.)*SPRES/33.
_'_I_AL _XY3[ K_ LgAD
_XL,_XI3+_TA_T+gS_UT+FEE_+SCHILL+_ENG÷O=RESS+_D_AIN
9^L.9.=_'_gXL*(L_-I.)
_&YIH,}_ MxYGE4 IN TANK
HAx_|Te_&Y_XL-_EL_W
5xYGE_I V_LJHE
_;)_ _Y_Ex! ULLA3E VOLt'L_
TgV_L,gXV_L*JPF_
¢OEL T_N_ _EIq_T AS rJNCTIgN D_ TgTAL CJEL T_N< V_L
OE3JImE3 LESS =REVIBQSLY CALC DEPENDENT VBLU_ES
_YY T =_ _YL WEI3_T _ FJNCTISN 8F TST 9XY T_N( VBL
_E3JI_E3 LESS =REV CA,C DE = VBLS_I¢ CONE IS BIB
E_J_.J3 -_ CYL HEIGHT (_) IS SET E:UA_ TO ZERO,
_n.(T'_V_L_17_.-V}LD-V_Lr-VSL3)/(.785_D_)
ITEraTE T3 _EqgI_ED 3IMENSI_NAL CflNSTRAINTS
I¢((BS(LI-_),LT,t*) 39 T_ 20
IF(Lr,GT,3,) 9=)=LI/L _
I_(3r,GT,3,) L'L!
I_(3r,_T,3,) G9 T9 15
IFrL3,ST,3.) L'(LI÷L)/2"
3_ T9 13
L'LI
:ALSJL&TE _mg_ INVENTgRY. SJ_TOT.AL_
rEE3T_,CEE_F*.q333+FEE3_*,2_18
_qJ_T-CP_ESS+rRE_+O_ESS÷9_ES
CALS _ESULTI43 V_LS ¢9R CHEE< &_AI_ST _E_D V_L9
_XV.r, ( VgL3?v_L;+V _L3*Hg, ,___7 _5 _.2 )/_ 728.
¢(jv,.r,(VqL_+V_LC+(HH-4R)*,7_5_*D**_)/%728 •
C_LCJL_TE _1¢T-9¢ r OXY3E_ _E&D HEI3HT_IS HEA3 _BgVE
_n _EL_'_ CffNE/CYL C_NTgUR _REA<
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TABLE 4.20-1
PROGRAMLISTING (Continued)
17;t
17'_
I_3.930 Ic(45l._T.40) _5 T5 21
l_.530 C I_ YES |TT_ATE ¢_ HE&_ HE|GHT IN
" lP_;_.I -- _,_1-_1-_9
- 17_.q30 _xv_L1=_XV_L*_72_°-V_LA-HO,=7854*D**2
- 17_.030 IF(_(_XvSL1-VBlI°LT.100.) 35 TB _3
1 .v - 1_1._30 .... 3_ T_ _?
103 - l_._33 2_ _-_1
1_1 l_._33 C C_LSJL_TE LIrT-_¢ = F3EL _E_D HEIGHT
19 = - !_._33 _5 Ir_.E_._) _9 T_ 51
19_ " 1_5.130
I_6 - 1_5.530 C
19" - 13_.533 C
_ - I_._S.)
o1_ - 1_.539 C
_I a - 1_5.630
_1 _ - 1_-_30 57
_1 _ - 1_7._0_ 5_
_Pn - 1_7.53_ C
721 - 147._33 C
CBNICAL SECTI54
_r_l(VgLa-172_.*rjV_L)/(172_,,DISPVF/(HH-HR)-.785$*O**_)
3_ T9 57
4F_m(V_LA.172P.eFJVSL)/(-.7_5_*_**_)
_v JLT ULLASE =4ESSU_E .........
_tJLL_IES*9=RE_
fUEL JLT ULLi_E m_ESSJRE
_ULLr,F_+;gPOEq
_yy arT _q_E LILT LIFT-SF_ _EAD PWESSURE
fUEL =_T 3_HE ULT LIrT-SrF HEAD PqESSU_E
2_m _T_E rJEL LS&3
¢UELP=_=q2/(lo+MR)
2_9 _T_E _XY_E_ LSA3
gXI3p-rJEL2*_ _
xrgLp,_lJELm+_XrIT-FJEL-rSTA_T-rCHIL_
x_X_2lgXI_?+_AW3IT-_XIg-SSTA_T-_CHILL
_4_g ST*_r fUrL V_LUHE
VXR_I_¢JL_/F_FN
Vx_p=>gY_p/5_EN
2_D ST_SE fUEL NE_9 NEtGHT .......
_FH_=(V_LA_17P_,,VXF2)I(17?_,*DISPVF/(HH-HR)-,785_O_*_}
3_ T_ 5_
_F_.(V_L_-17?R,*¢X¢2)/(-,785_*3_*2) ...............
_LSJL_TE PN_ _TA3E 5xYGEN HE_D HEIGHT;IS HEAD ....
a_gvE 5_ _ELSW CSNE/CYL CONTOUR BREAK
IN C041CAL BE3TI_
?P'+ " 153.930 _q T9 >_
_?6 15_._33 C IF vE_ ITERATE ¢_ HE_D HEI_T
. +
:_7 15_'0_0 9YvgL?mVXn2ilT_B''VSLA'H_I'TmSiIDI*_
>2_ " 15_._33 _7 _l_-T.._9_X*TA_ITHET_/57.295_)
_ " _t._g3 Va_''?_l_o_X*(3**2 +_*D_+32."2)
"_ " 135.n03 I_(_Bs(qxvgLBlV_).LT,IO0,) 35 TB 28
73t 15_._30 _x-(gXVg_2*_X)/V_2
_3 _ - 157.930 3_ T_ 27
>3_ - 154.330 2_ _9_,_x+_O
_3_ 5q_.IOO 3_ T5 59
>3_ - 15_,m90 C 9xY ArT 9q_E ULT 24_ 3TA3E HElD PRESSUqE
_3_ - 159.530 E fUEL ArT ggHE ULT 2ND STAGE NEA_ P_ESSIjRE
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TABLE 4.20-1
PROGRAM LISTING (Continued)
PAn ° 153o530 C
p_ - 159.333
>51 - I_,._33 ....
_55 " 179._00
P54 - _79._00 C
75 v " 179._93 C
?_1 "
2f,_ -
9_,-_ .
?_'6 "
JLT 9_Y 4_T 3_HE JLLA3E+_E_D P_ES EITHER LIFT-
IF(_49_P,CT,9_gMI) Pg_H,PJL_9+SH_
JLT _GEL ArT _gME ULLAGE+HEA3 _qES EITHE_ LI_T-
5_ c ]; 2N3 STa3E _IC4EVE_ IS 3WEATE_.
I_ITIALLY SET WT'S & T,S T_ ZE@@ 8EF@RE BE31NNI_3
MULTI-4TATIBN _NALYSIS.
_LgrXmO.
TA;,3.
MULTI-STATte_ ANALYSIS (:UEL TANK _EFERS T5 _FT TANK
A_9 4XV TANK _ECERS T9 R4D TAN(I T4E REVEnSE IS _ITERALLY
TPJE _9_ T_E LgX A_T 9mTIB_ _ECAUSE 5F LINE 18,5
17=._30 C__ ,T aESI_I_G "[ =R_q_.__?E EW___D ArT TAN<S__:
173._37 C T_E_ECgRE ANALIZE9 IDEWTICALLY IN THE EVENT THiT T_E FWD
179._10 C TF IS LAwGE *_ T_E ArT TK IS SMALL AND VICE VERSA)
171.000 99 R_ I=1,9
179._90 4F,44-4_
17?._90 C SET sTATIn%I L"EATIgNs rS_ =UEL TANK CYL WALL ANALYSIs
_7_.,"00 .__@Fx(1)--I25,(I-I)._F
17_.5_0 C CALSJL_TE ¢UEL T< CYL _'ALL HEAD PRES _ _rX(1)
>67 - 173._30 C
-P6 _ - 17q,730 C
?6 _ " 17_'930
>73 " 17_.300
P71 - 17_,390
_7- 177.D00
P7_ " 17n._gO
_7_ " 179.990
?73 - 1_9.990
_7_ - 1_9._93 C
A{_VE CYL _ASE BY C_=ARIN3 WITH LIFI-gFF AN9
2x_9 STA3E mEA_ _EIG_TS AS CALCULATED PREVIgUSLY
r_CI.(_rN-_FX(1))iFDE_,NXL,FS/1728.
IF(:4_I.LT.F4C#) _9 T9 59
G" T? &_
59 _HCX.;_C_
60 Ir(=_ZX.LE.O,) :_:x.o.
A99 _JEL JLLASE _RESS TB =ESJLTING HE_D mRES_UWE
P77 - __q_.OOO ...... _CT(IJ-V._CX*_L}LL r .................
?7x - 1_1.500 C SET _IATI '_k= LnCATICNS fOR _XY TANK CYL WALL _N_YSIS
?_h - IR_.090 C CALCJLATE 9XY T< CYL _aLL 4EAD mRES I NgX(1)
?F1 - 1_,190 C AF,gVE CYL qASF _Y COHO_RIN3 _ITH LIFT-SFF AN3
_ - IR_._OO C 2N_ STA_E aE_h NEIGHTS AS CALCULATED PqEvIgU_LY
P_ " 1_w.300 9_C_-(_9qP-HgY(1))'_gEN_XS'rS/%72_ •
=,_ - 1t?.903
791 11_.300
P99 " _3_.590 C
_gq " I_,903
=9w 19w.590 C
>95 I_5.500 C
_97 " I_&."90
_9_ " _6.530 C
293 " 1_7.303
I_(_4SI.LT.B4CP) 39 T9 63
54C_-4_CI
3q T9 5W
53 94CX.94C2
- _9 9_V _LLACE _RESS ?9--RFSULTI_B-_EAD RRESSJRE
9WCT(I).%_:X_PJLL9
CALCJ_ATE fUEL TANK _E_IN3 _BMENTS
Mr(T).9.
CAL_JLATE 9XY_E_ TANK BENDIN3 _@MENTS
_'_(I}-3.
CALSJLATE FOEL T_ THIS_NESS _EgUIRED DUE T@ JLT =RES
Tr(IJ.r_CT(1),9,.5/FTJ
CALCJLATE _XY TK THICKNESS REQUIRE9 DUE TO ULT m_ES
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TABLE 4.20-1
PROGRAM LISTING (Continued)
BR GREATEP TWA_ THIN
_07 - P31,_OO
_?= - .?_._ .....
_1 _ - =_._OO
_11 " 733.m33
_1 R " ?37._33
1|7 - _3_.D30
_I _ - _11._g
_P_ =15.390
I_7.500 C C_E_< CUEL T< T_I_KNE5_ _ _ET •
1_._OO I;(Tr(II.LT.T_I_) TF(1),TMIN
13@.___ .... CH_SK _XY__K _HICCNE_; & _T • _R 3REATFR THiN T_I_
Ir(Tg(1),LT.T_I_) TB[I)mTMIN
C C_L3JL*TE JLT LIrT-BF_ _ 24D STA6E AXIAL LBA3 QSE
C W"IS_EVFR IS q_EATER,
C"EC< _Q5IN _r SAFETY rBR C_LUHN BUCKLING F_R B,_,_S
C A_iD *>IAL LO_D *ITW I_TERNAL PRESSURE STABILIZ_TIS_
rL_;,(L-_C-H_-w_-_FX(1))I(,SID)
_>T=C_gT
Tx,Tr(1)
_Xm_r(I}
3_ T9 7_
TY=T3(|)
_x,_gfl)
_Lmq,
q_7 - _1_.933 70 IF(LY_.3T.1.3) 39 Tg 73
_p_ - _i_,n33 Am7,3_lPT+._6_6_tLXR
3?_ - P_1.330 r.7.B_+7.B_75_ILXR
_P " °P3*930_____71_IF(LX_*ST,._ _) 39 T_ 72
_]w P?5._33 SD T9 7 n
9R5 " P?&._30 72 r,_,B=lRl-,59176*LXR
_ - _7._30 S _ T9 79
3_7 - _Pi._90 73 I_(LX;,ST,I,3) 3_ TO 7_
_ " _9;_33 IrtLX_,LT,2,D) 39 T_ 7P
_¢:l" =_1.933 75 Flm._R;5-.21713t=LXR
_1 _?._39 3 _ T_ 79
3_ = _q_,530 _._.472_?-.1W_ROB*LXR
_7 - P_7.733 IFtLX_.LT.=.3) 3_ T9 75
qS] - ?'+]._90__Z7 A,5,1_O&_-,C6£365,.LXR
=RESSJRE ST_B|LIZATI84
_1 Pw1.333 _n T9 7R
_5_ - _3.333 3.LY_/(-._P6378*LXq=,308016)
_s_ - P_.503 C C_ITI_AL qTRERS CALCdE_TIS_
q5_ - _W,330 RO rCREmA,=XT,,_
_ "..._W5"300 rC_,rCRE*E
357 - ?_5.300 F_EmF*_XT**_
_5_ - ?47.000 FP_-r_RE*E
_5_ - _7,_90 C Cq_ECT FO_ I_TEq_L
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TABLE 4.20-1
PROGRAM LISTING (Continued
_I >¢_,993 9cLeX,e%E/(_,_lWD_*PXE÷'603553)
3hq "___251_33_ FPT=_ES*,5*9/C2.*TXL
q_ - _5=.q33 DAl(rC_+_LCC_+¢=T)*2,98_51oD*T x
3_5 - 233.333 9EL_-.376501*°XE**,213_92
Ik_ - >5_,333 9L_'ELn'_*E*TXI('5*))
367 - 755,39D _A=(¢_R+DLCB+C=T)*,7_612*TX*Dt*2
_6 _ - _5_,530 C C=LCJLATE _AeqlY _r SAFETY AND INCREASE T IF INAEOU&TE
q73 - P57-_33 IF(_C_.LT.t°3) 3_ TO K!
37! - 25a,330 TX,TX÷,D91
q7_ - _5=,_30 _YT=oS=3/TY
_7_ - _1.930 _I IrtcLg_oE;oLX_} 39 T9 m_
_7_ " >_._90 _IE{DL_.ED.LX_)_.39 T9 R3
177 - _53.590 C S_J_ rJEL TAN< T'S FR AVERAGE CALCJLATIBN
qTP - P&W,930 TAC,T_+T_(I)
qu_ . P&&.930 qLm_'(H"_X(f))/('5"9)
__3.._1_2--5Z,_33 3D f_ _g
3_ _ - 25e,590 C SU _ 9XY TA,JK T'5 W_R AVERA3E CALCULATIN
3_5 " 25_,590 C CALC fUEL TK CYL _ALL WT ADD ,305 T@ T FOR M_TL TOLERANCE
3_ - P79.330 _F(T)=(T;(1)÷'nOS)'3"I_I59"D''t_ 5*_R'R_
3_ _ - ?Zl_DD_____FX-_FX+_qF(I}
_aq - >71-533 C CALS ;'JEL TK CIRCJM_ERENTI_L *ELDS @ 3.5 WIDE
3F _ - _7_.333 _L=(1).(Tr(1)_'335}*3"1W159*3"3"5"RH8
q_ - _7R._33 WLD_X._LC_+_L_(1)
371 - _7_.530 E CALS 3XY T( SYL WALL aT ADD ,035 T9 T rBR HATL T_LERANCE
__2ZStDDO .... aDX.aOX+_D(I}
_w - _75._93 C C_L3 9XY T< 3IRCUHrERE_TIAL WELDS _ 3.5 WIDE
395 " _7_'933 _LD)(I},(T(1)+,335)*3,I_t59*D'3'5*RHO
3_A - _77.333 wL_X,_L_X+WL99(I)
q_7 - _7_,030 _ 3nNTI_JE
_q= _7_,533 C DELETE _13 CIOC WELDS IF T< IS SHRT I.E. LB_ LcT/rWD
_ - >_3._90 _L_T,._LOn(1)+w.D(9)
_3_ _%1.733 _LCT,WL _r_
_Oq " 9_._OO R5 WL99T,_L_gX
wq_ - PRq._93 45 U_I_mI_.*T_IM
43_ - >a5.593 C _vE_;E fUEL T_N< T
_ " >_.533 C _vE_A3E 9XYGE _' TANK T
W1_ " >_7,_9D AVgTnTmgI3,
___l!_t___25Z.S30_C .... _ALS _. 9c _04IDITUD_AL wELDS_BASED &N_ID_E _H_Et
WI3 " R_9.333
w1w " =93.333
W15 - 291.033
_14 " >3_.300
_17 - _].333____
_lq - _9_.533 C
_I _ - _9_.333
_20 " _15.939
39 _7 I.1,103
SX,15&,*l
IF(DX.GT.CIR) 39 T9 8_
_7 39_TI_J[
_LSE3,BX/156 ............
C_LSJL&TE INTF_-T_K 5ZCTIN ,EIGHT
TI_T-T(t)
IF(T(tt.LT.TF(g)} TI_I-TF(9}
_l_Tl(3.1_I59.9+3.B'SE3)'(TI_T+.OOS)'(2._Hq+LC_)*RH_
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PROGRAMLISTING (Continued)
-_?q - P_R,330 C CALSJLATE FUEL TK LBN31TJDIN&L 4EL_ WEI3HT
_p_ -______2__O0__.____L_,L3F,.Hr*SES*3.5*L_r_V-r_Le-_J3Q..S3-*_ _
_ - _31o730 IF(_L<4D.E3.1,0) LWL3CmHH*SE 3*3,5*(AVFT+'OOS)eRH5
_2_ _7!.533 C CALCJLAT E 9xv T< LSN3ITU_INAL _ELD WEI3HT . _
4_7 _,_00 L_JL_SAg_EG w_.S°(AV_T+'OOS)_qH9
47_ _37.530 C _rT rJE_ _LK4_ THICKNESS
_31 q_.K30 C AFT rJEL _LKH_ FIN3 A_EA SIZED FBR ELASTIC STABILITY
eSq " qq_'_30 AAr_uf_lAr=*{°_t3}ltS/(3etE)}tl°5
__ - q37,330 lr(a_r_.LT.A_ZU) AAFR-_MIN
&qq - q_7°5_0 C &PT 9xY eLKH] THICKNESq
_3_ - _3#.500 C kFT g_V 8L<H3 _IN3 AqE_ SIZED FOR ELASTIC STABILITY
_ - _13,300 NAS_'f_'t_*_/?')*SI N(_0°/57'2958)
_1 - _IP.330 IFfAAq_.LT.AHIW) _kORmAHIN
_ - _1P.530 C _,3 :JEL _L_4 n THICKN_-SS
_ " _1_,900 TFc_'=:JLLF'P/(?°*rTU)
_& - q1_._30 IC(T=rS.LT,T_TN) T_mTHIN
_ - q1_.53_ C C_,'D :JEL _L<H_ RI_3 AREA SIZED _ ELASTIC STAbilITY
_, - ql_.?3O _Fr_m(_ILLEi_/?.)iSIN(3C)./57"2958)
_3 - qP3.330 4_g4"_4_*3'5*(TA_B +.035)*3.1_159*(°333*e*SEG+D) -
ubq - qPq._30 C #CI34T QF AFT FJEL BL<WD,RTN3 _ND _ELD
_, - _.700 W^c_._4_.3.5*(TAC_+.O35)I3.1_159*(.333*R*SEG÷D} ........
&b7 " qP3.503 C _EI34T _ r,D FJEL BL<aO_RIN3 AND AELD
ULLAGE
_1 _7.mOO IF(_L443.F_.l.O) 39 T9 90
_ - q_a.533 C C9_9\, BLK4D T-3A_ _ASED 8N _EVF_SE FUEL
4_ - _m.600 C PcE_SJOE AND Tg3-3qI_ 4ATL°
_', - q_.030 93 TCrq,(.303614+(.0300 _D_*:B_ES))_R
_, - _._00 C _EISHT _F SS_MN FUEL FL<HD AND WELD
_7 - q_O._O0 --,if _'_C=9_;'_.ti159*R*w_*_w_
-_ - _1.530 C C_ES< _IT_ ArT _XY _L<WD TENSIflN LgAD qEQMTS
_7_ " q3_.300 IFf4Srm. LT._&BB) _CFBmWABE
..... _71 " _t_.030 IFtaC_.LT.WA_W) 4CFa-WA@W
_7_ = _5.000 _F_a',C cw
_7q " q_7.000 _A9_-0.
_77 " 339.000 W_'D .
.... _B_ - 3W3.500 C QP_ Cg_E _LL THICKNESS
_81 " 341.300 TLIC_'PJLLO*B_/rTU
___ - 3W_.030 IF(TJ[N.LT.T_IN) TUCN,TMIN
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PROGRAM LISTING (Continued)
wR_ . _wP.503 C
wB3 - 14w.933
WQ7 -
4_'R .
3_7.330
r_'9 3XY 8L<H9 T4IC<NESS
F_'D 9XY RLKND _IN3 AREA SIZE) FaR ELASTIC STABILITY
N_9_.A_q{(=ULLg12,)*(9_*SIN(SO,157*2954)'o5*gD'T&N(THETA/
&57.>9_) |)
AC_.(_rg_*(._*_D)i*3/(3.*E))*'.5
IclAcg_,LT,A_|_) AFg_,AHIN
_Fga._9,3.5,t_93+.O35),3.1_159*(.333*gR*SES+_D)
C _EINaT fir _,) rAIaI_3 #SI_3 HINIMU s GAU3E nLJS WELDS
WFAI_._4_.(T_I_+.D35)*3°1WIS@*(2.i_R*HN+(.5*_D÷.5*ND) *
_((_'-4=_l.,2+(.5*gD-o5*NS)'*_)**'5)
_FAa.:49,_.5,(T_IN÷.O35),(3.1_59-ND+SES*(_C'HC_)/'
_C_5(TNETA/57*P?S_))
_EI34T 9F Ev+9 CN_E ffXY TAN_ aALL _ND WELDS
#K_._9,_.IwISB,.S.((TUC_+.DOS)_)÷(T_(g)÷.OOS)'D)'4C_/
_C_S(T_ETA/57.Pg5_}
3n T9 ?3
ALTE_ATE ;*D SECTIN _'IT#_UT _AIRIN_
¢_,'_ 9xY mLKa9 T_IZ<NE5_
92 TFn_'_ULL_''5*_)/(2"*_TU)
I;(TCg_.LT.THI_) TF_.THIN
JPQ S_NE .'ALL THICKNESq
TU_M.PULL_,.5-Ng/_TU
Ic(TJC_.LT.T_IN) TUCN-THIN .
rwg 9_Y BL<HD QIN3 AqE_ SIZE) _SR ELASTIC STABILITY
&T_ETA/57,_Q581))
Ir(ar_e,LT.AMI_} AFB_.AHIN
C _'EIS_T 9_ cw) 5XY BLK49,RIN_ _ND _ELD
_9_._.IWI59,_9,R4_*ArR
W_9_.=_.(TFn÷o335)*_.'3.1&I59.(.5"ND)''?
Wr_4.;Ng*3.5,(T=_+.ODS)_9"lW%59*N9 ........
C 4E134T 9F rw9 C_NE 9XY TANK _ALL AND _ELDS
AC_Mm_i_.I_I_i.5*((TUCN+.SOS)'ND+(T(9)÷'OOS)'D)*HC/
&C')S(T4ET&/57.#_58)
ACDN_.W49.3.SI(((TUCN÷TD(_))'.5+*ODS)'SES'HC/C_S(THETA/
_57._95_)+_.l_159,_TUZ_+.bO5-_b ) ....
rag S_NE/CYL DINS AREA SIZED Fq ELASTIC STABILITY .
93 NCC_.HCT(_),(o5*D)*T_N(THETA/57°2_5_)/? •
,CC_.(NCC_-(.FI)-,3/(9.,E))''.5
Ir(ACCR,LT,A41N) ACCWmAHIN
_EIS_T 9_ rw3 C_E/CY_ RIN3 _49 WELDS
_ - q51.399
s_n - _55._90 C
q_R q51.OO9
_O _ - _SP.900
513 - _&_.500-_--
511 t&q. O30
_1_ - _65.g99 C
- _]_ " 179.900
_t* - 3)#.h30
_17 " 173.930
&1 n " 37i.930
57_ " q75.330
5;_ - 777.03D
52_ " q7"'_O0
_27 - 341._90
S31 " 3_._33
_1 - _45._90 C
q_5 " _67.333 aCC4"3"I_I59"_*RH*(T( 9)+'035)'3"5
_1_ - _7,530 C _EI34T 9r 41BC ST_ C94_NENTSjJNBILICAL PA_ELSJ
_1 - _7._OO C TUNNEL; AN9 _A_LES
5_ _ " _.900 T_NNEL'293.*L/I69_'
5_ " q31.930 IF{gL_ND.NT.2°) BAFF,D,(aS÷HC}I3k3,
S_q " q_.OOO IF(N.ST.aH) BAWr. D,N¢/SN3.
v
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&01 " w53;-_OO-_--_TPSC_;3"lW159*'5*(UCT=S*4D+LCT_S *D)*HC/
---_0_ =- W51.500 C TPS WEISWT SJ_T_TkLS WIT_ log N@N-gPTIMOH
_ - _5_,OOO tO1 r_I_T,(TP_r_*TmS4C)*I.IO
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_7 - _5_5_?D3 ___
_gr - u3_,g3D C
_I n " _5_,333
.... _11 " 457,230
_1 _ - _57._g0 C
I_ " _._O
41 _ - _3.533 C
_I = - _3,m03 C
mB_ - _m3,730
_p7 - #_x,137
_l - _7._33
533 " 457,733
_g - _71,333
_q _7_,333
_7 " _7_.D30
_q " _77,330
_n - u_3,533 C
_____5_ " _._33 C
_SA - _,m39 C
_57 - _,7OO C
C
C
131
rCCTOSm(ToSCN+T_SCU)*I,IO
ACY_HI(TPS_M+TOSCY)*I,lO
_ T_T_B-T=SIN+_AL_IP__._T_m__5+P_+_+__
I'JT_FTAG_ ANALYSIS
L_,5_CE _ET_E_ 3_STER ATTAC_ POINTS
Ir(_L<HO.Eg.I.) LS-HH+H_
9_9gT_P I',IDUCFD HgHENT AND _EACTIgNS
_§.(T_SL/NNI_E_S(CANT/5 .Zt293_I_ZB •
E-(TW_FL/N_),SIN(CANT/57.295m),27.
q_'(H_./LB)*FS
R_a((TH_SLINN)=BI_(CA_T/57,295F)'n6)'FS
SEN_LIZ_D AT Eg FOR RING C&PS_WE_S AND BEAM
EAmS, CE__L.g#_TJKNgS< D_wN rACTOq F_R CriMP _TAB
C ,_I_5*FTU ¢OR SNEA_ ALLgAASLE)
C wFIgqT _F _TE_ ATTAC_ RIN3S-CHESK A3AINST BL<qD
C RIN3S a_D aO) INTERSTA3E REEr-Um _EQ_TS
IP(46,GT°*'SCR) W_.WG-4_CR
IF(_6,3T,_CC_) 39 T_ t3O
WA.3o
133 IV(VS,GT,_AF_) WSsWS-_ArR
IF(_S'_t..',*r;l 3_ T__A_! ......
_0) 5EPA_^TE _mBITER ATTmCH RINSS BASED BN ORBITER
_BASTI_N LgA)_ _R_ M 9_BITE_ M93JLE
_,,IIT*R2*.71&
Wl'4IT*_I*?,355
C AnD $=ECIA_ I_CRE?ENI_F_n___S_AY B_ACES__Ug_S
C _oa3 LIXlKS AND _ITTIN3S-AD_ l_t ST_ NON-gPT
WSL=_5,
AS_,(_I*I2.*(.5*D*.577_)**2/tE*3.1_159**_)}*',5
aDRAS..S*tDO.*_Hg*l.lD*(NN*_B+RL)/(,9_._TU)
_qLL-_2.39,*_,'RHg*I°3_*I,IO/FTJ
_SLS'35,
W_LLm;5*I.5,7_,*_.*RH_*I,3_*I,IO/FTU
TDTA' INT_STASE _EISqT
T_I_T,_Am,5,WP+_I+WSL*_B+WSr+W_DUB+WDqAG+WA3UB
_+wgLL+_SLS+WSLr+W3LL
T_T_L ST_uSTJ_E WEIGHT
BSDS_,_,qmT<+WINT_AFTN_+NBSFAR+TWINT+UM_PNL+TUNNEL+BAFF
ou_=ELLANT SyS_ E HS -BA _E 0__0.__I__3EIA IE__I_N I__T._SI_3.____ITH
SC&LI_S LAwS FgR 9RBITER ENGINE FLgW RATE_MI_TJRE
_ATI_ ANg TANK 31MENSIgNS
I_(_L_3._T.t.O) 3_ T9 103
Cq_HgN 3LKHD INTERNAL LgX LINE
9XV_NT-_&w.
...... HVENT'_7,
=NEJ,P5.5+30,5*L/ISg_°
l;(_5.ST._q) G_ T9 10_
C L_X rnRWA;_
gXm_E_-12_.+109,*L/16_,
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A_ - _3.033 9WcTE_=(I='5+.OI_2*HF)*SFLBWY**o5
_&_ " *_3._3D RX-.5"(7.+,33_rL_WY*'.5)
57_ " #3_.33D S q T9 135
675 - Wl*onDD "FEE)'(31.Sg+.O3176*Hr)_FL_WY*_,5
&77 - _.DOD 39 T9 105
_7_ - _93.53D C SE_ATE _LKHDS EXTERnaL L_X LI4ES
A7_ " 5D]._30 133 _EJ.PS,5+_,5*Lll_70,
711 - 5_Do030 WJC<T-I.13_(aJkCK÷WE_))
717 - 9_1,_00 _CI_';.
71_ " 5_1,530 E MISS _Q_m SYF CgHm_%E_TSISJMm#m_BY_
71_ " qRm._33 _qYS'IR_.
71_ - 533_3D _r._m_=E_L_:T SYST_MS_SI/3_gIAL...S
717 " 5_*930 cE_Y_=nW_EE)*_CEED+WJCKT+HCIR
.... 7!? " 535._30 m;SV_Tlq_ES÷HVENT÷gX_RE_÷_XVENT
71_ " 57_,_00 mNmJ-=NEU+mUSVS
..... 723 - 537,330 - PRS_YS-FE_SyS+mRSVNT+_PJ+SU_B ...........
7?| - 537.530 C ESTIMATED TA_ 14E_T _T ¢_R _ET_ SYS C_LC_L_TI_
72_ " 539,OOO XI_E_T-XD;V+RESIDT
..... 72k -. 539,533 E _ET_ _EKET SlZl_8 ..........
725 " _D,O00 3ELX,EX={;ETDV/(3_,I7_qETISm))-I_
725 " 5WI.OOO wR_S==_I'_ERT_OELX/(I,-(I,+_JPI*,3_B_DEGX! .....
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7_w ° q_P._O0 C TAN< _J_T_TAL _RY _EI3HT
73_ " $4q.500 C _PPdT_/_INCERTAINTY AS mE,CENT _R DELTA T_ A fIXED
731 " 543._30 C _Y _EI3HT
73_ - 5W_,O30 _ _-_J99qY,_U }
. 7_q - q_.933 Irt=I_D_T.3T.9.} 3U=FIXDWT=SJBD4Y
7q_ - 4_5.503 C TANK TTAL DRY WEIGHT
7q_ - 94_L_DO 3RY_I,GJBD_v,-_J3U
7q_ - 5W_._03 C TA_< TTAL I_E_T WEIghT
737 - 5_7,333 INE_Tm3RYqT+RESIDT
7_R - 4W7.500 C EXTerNAL TANK 5R_5S WEIGHT
733 - 5WM.3OO SRG_S_-INFRT+RRP9
7_ - _R,53_ C EXTZR_AL TANK MASS FRACTION
7w; - _5_.339 C
743 - 551.330 C
7w,+ - _R_.333 C t_IS C_NCLJDEq THE SIZIN3 L831C THE FBLLBWIN3 ARE
749 - 551._DD C 9[JT_JT WRITE AN) r_RH_T STAT[HENTS
75_ - _3_,300
757 - _3_.333
7%R - _37,_33
76_ - _39._33
7# _ " F57._30 Ir(ArT,3T.3.) _9 T_ I_I
761 - _3_._33 121 A_ItE{ID_goI}_XIDmFUZL*ST_RTm_STARTm_sHUT_rSHJT_FEED_m
7_p - _31._33 _rEEDr,gc_ILL_CC_ILL_BE_G_FEN_BIAS_DRAIN_F)R_IN_gPRESS_
&rqEL9,_M_XgIT,M_XrIT,)_V_L_JV_L_T_VFL_TFVFL_DISmV_T_V_L
_TFvIT
W=IT_(In_,902)
Ir(_L_3.Z3.1.)_RITE(13_,903)
Ir(_L_D.F_.2.)WRITE(IDS,9Ow)
. IF(BL<HD.E_,3_J__R_E(I_BL_05} .....
_eITE(IO_,qOB)L,D, LBD,R_HR
7_I 613,333 Ic(_L(a3*ST.2,) G9 TB _D
7_ - _11._33 _P_ITE(13_,gO7)NR,gR,93,H_R,_C_
7_3 " 61_.003 _O _°ITE(IO_mOB)N3_THETAmHCmLCNmH_mHH_K,LAmUPERmJPERFm
7A_ - AId.gO0 59XVL_,;UVL:
7_ - &lG._30 ]F(_L<_.{_,I.) _9 T5 110
767 - 61_.330 S _ T? 111
7_ - A17.930 110 I;(_.GT._H) _5 T9 11_
7_9 " 615.330 W_ITE(I3_,951)
77_ - A1=.333 3 _ T _ lP0
77_ - _71.930
77_ l _.nO0
775 - _.030
77A - _75._33
777 -_____._Qo
77R - 6_7.933
77_ l _='330
7_1 o 6_3.n30
7R_ - _1.333
7_ - 633.300
7_ - _.OOO
7m_ - A35.000
7B7 " _.000
3n T9 113
112 _OITE(13_,_55)
113 Ir(e.3T.ea) _9 T9 115
_RITE(13B,g53)
34 T_ 1_O
w_ITZ(13_,952) ........................
s_ r_ lPe
115 _1TE(13=,95_)
IPO _qITE(I_R,S6)4933RPmTGTmS_a_T<mFAIRT_¢WDBLr_rC_TmS_
_C99_T,TP31N,CYLSCT,A_YDM_AFT_Lr_wINT,PRBSYS,ArT_K_
_rE_Y_,_WDgLA_PRSVNT
.__P I TE ( 1 ?_ 957J_E T= YL_ _ J__A.E_gL A' _PULL*LI__T, _OSr AR,
_kvIg_,J_PP_LmW_ET_9_TJNNEL_MISC,BArF_SUBDRY
_ITE(10@,958)SJB3RY, 3_mDRYWT_ESI_T,UNDRAN,_EEDTR_
_meSJ_T,rBIAS_I_E_T,PRmB,G_GSA,LA_BDA
_9 T_ 30
_If _
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TABLE 4.20-1
PROGRAMLISTING (Continued)
7_q _9.500 C
7_ - 73P.000
7ql - 73_.030
7P_ - 7_7.000
7q7 - 713.730
7a_ " 711.930
7q_ " 71P'nO0
_1 - 71_.000
_ - 715.000
=?. - 717.700
_Og - 719.?00
gO7 - 7?3.300
R9 ° " 7_l_DgD .....
RO _ - 77=.930
nl_ - 7_3._00
_lv - 7_5.?00
_1 _ - 77_.790
gl_ " 7_a.n30
a17 - _3,OOO
al_ 7_1.3D0
.... _2_ - 7_.D30
ap7 - 7_3._DD
a37 - 7_D.?OD
R_q - 731.000
g3_ - 75B.DO0
R_I 75_.000
a_? - 755.000
.... a_ _- 75_.000
_ - 757.000
_ - 759.030
..... _7 ; 763.300
a_a - 7_l.OOO
_ETJ_ T9 DAT_ rILE Fg_ N_w SASE
_,_,X,'BT_PT =R_'_ELLANT''lSX'Cg'O'lOX_F8"3/
&_X,'S'IOTDD,'JN AD,JUSTHENT_I2X,F_.O_lOX_F8 *0/
_,_,X,,CEEDLI_E _ESIDUAL',I_X_r_,D,IOX,FB'O/
_w,,C_ILLD_W_ ¢;ESIDUAL.',l-_X,rS*O, IDX'FB=O /
5_×,'E_,GINE RE$IDV_L_,I_X_F_.D_IOX'rS"D /
_Y, ' =J _ I_S' :_OX, '_3_. !_,10_ ¢8" 0/_
_X,,TA_ JNDR_IWA3LE',ISX,r_.D,10X,FB.D/
_k_, ' =;E_J_ANT ', B1XtCg. O, lOW, F_ •O/
&_,_,'LSa3Ix3 _LLgWA_CE',II_X,FI._,IOX,FS°O/
5_X, ,'IAXIHU'_ L._A)_,IgX_FB'O_I3X'CB'3/
&_X,'=;gOELLA_T BELgW T_N<'_IDX,'-',FT.3#IOX,''',¢7.0/
_X, '_AXIH_M LmA_ IN T_K'$11XsFB*O, IOX,F$'O/
_,,=;5_ELLA_JT V_LJME-FT3'/
_.. x, , m _9 =ELLA 'q2__¥._L/J_ME_N'r !_ 6XzF_8? :3, 1 OX_ F_,, O/
_,_,'T_J< V_LJHE ggq F_UIDS,,gX,rm.D,13X,FS°O/
6_w,.VgL. DIS_L_ED BY LgX rEE_LI_E',Ix, '_ 'tlOXtrB'O/
_WY, _ .......... _m_X,' .......... '/
_,X,'TDT_L TAN_" VSLUME,_I4X_rI.D,IOX,FS.0//)
9D2 _-_,_T(2C)w,,EXTER_L TaN< DIMENSI@YAL DATA'//
_]_,, ......... X X X X X X X X X X X X X X X X X g ..... ')
_3 rqR-_mT(IPx_.T_ETA X ...... x,_B7X,,X .'/
_gx,.N_..X _ID X.o_ OD X',23X,'q..'X D'/
_IPX,'.o.X w°m_X, ' • °,Sg, 'XO'p7X' 'X ''/
_12x.,, ' X ...... X_27_,'X, .'/
_x,,:: :_R. _ x x x _ x x _ x x x x x x x x x _< ..... '/
_,Rx, ,._--;.-- .._C_.,, 5x,,. H_.,, __-_-, _-.-_/
_1?x, '..... WC--.-H9 .................... qH ....... .'LR. !I
_,1_w, , .............. L m-4",I+HC + _'J + wl_+'q _ ............... . t / )
93_ rr,_T(12x,'T_ETA X ...... X X',23X,'X .'/ ....
_I_X,'.X X',5X,'.'_SXm'X X',25X,'X .'/
_x,,N;..X NO >'0._ 5) °..X Y...I,_C_°,l_X,'q.. "x _'/
x.l_.X_,,...X X.,FX, t.,m5X_,tX X',25X_,'X .'/
_1?x,'.. • X ...... X X',?3X,_X • .¢/
_I_X,'.. .-19R, X X X X X X X X X X X X X X X X X X • .... _/
_12W,' ..... -IC--.-Hg"- • • ............. HH ....... I _R" 'I
1 _ x,, ............. -_k ;'_____C__H__+ 9 R.±I.C_O 'W+HH+_q ........ '/ }
905 C_;'_T(I?X_'T_ETA X'mgXm'X X',23X,'X .'/
&I_Y,'.W',IDX_'X X_25X,'W .'/
_1_x,'\D',IDX,'..._ X...LC_', IWX, '_.'.X O'/
,R,l_X, ,.x'_13XP 'X X',25X,'X -'I
_._X,'. X'_gX#'X X'___3X, 'X° °'/
_lqX,'.',_X_'X X X X X X X X X X X X X X X X X X • .... 'I
&ISW,'.T, SX,'.'_SX, O.MR..',25X,'.'I
_ISX,' ........... LmWC+_+HP+L_N+HH+HR .......... ''I)
906 Cm_T(///BX,'Lm',F7.I,' IN. D=_,r6.1_' IN. L/_mi_.Im
K3W,'_.',F6.1,' 14. H_'',¢6.1,' I_.')
907 C_T(12X'o4_m_'F5"1 '' IN. 5_m'_r6.1_! INo _Dm'_F6,_
&' I_. H_m_,gS,I_ 14" HCOm_'F6"I' ' IN.')
908 FmR_iT(/_X_iNO''_¢5"1 '' IN. THETAm',FW'O' _ DEG. HCm'_
_r7.1,' IN. LCSN=e,¢5.1,' I_.'//2XmoHs='*F6.1_ i 14.'$
53X,'4_-',_7,1,' IW. <'_,¢_°2,' I_. ¢
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TABLE 4.20-1
PROGRAMLISTING (Continued)
_5_ - 7_3.300
R5 _ - 7_5.000
_,F_._n_Xp,L@X ULLABE=OaFA°Pa_Xa'LH_ WLLA@E=t_F_,21/
_Px,'L_X.!AN___K___V_U_,_,_'--F_F_,_QpLFT3 .__LH2 TAN_ V@LJ_Eu',FB_Q
g50 rq_iT('I'sl@Xa'EXTE_AL TAN< aEIS_T SUMMARY')
9_1 r_T(_DX_Cf_SN RJL_HEA_-LgX Fw3_)
g53 r_T(?Ox_Sc_A_TE _L<HEA_-L@X rwDI)
95_ r_T(_OX,_SE_A_ATE _JL<HEA)-L@X _FT,)
956 P,_kT(23x_HE]3HT_25Yet_EI3HTtI2_Xet=LB,'_BXee'LB,_//
- 7_7.000
- 7q..OOO
" 7_3.000
- 779.030
_5 _ 771.000
rSq - 77_._00
r_q - 773.000 _2_,
r61 _7w._O0 SPY,
_6_ - 775.900 53_
q_ - 777.000 _X,
_&_ " 7R3.OOO _SW,
_4_ " 7q1,q30 _W,
_SE FaIRINA',7X_r_.O/
,/
_77 = 790,000
_7 _ 7_I.000
RR9 - 7_3.000
R_I - 7_@.330
r_. ' 7_7.030
R_ - _31.303
"91 - _3_.330
rgw - _37.300 _li_xp
r_q = _r. O00 51_x_
.9_ - r_.330 _2gx,
_7 = R19.930 _?OX,
_o . _11*033 _2gx,
nOk - alT._00 5]_Y,
r,D 9JLKWEADI,6X, r_.O_
_ICAL SECTI9_ ,.rR.3_
I_'TER TANK',gX_F_°D/
:YLINO_ICaL SECT, 'mrR.O_
_rT BJLK_E_)_,6X_cA.O/
I_rTE_ TANK 5E:T. (_F_.3_* )_
m;gPELLANT 5Y_TEH5 ltsgR,O$ I l/
AFT TkNKl_|OXel(l_r8,O_ _ )¢$
rEE_ SysTEHIe_X_r_.O/
=;ES. 4N_ VENT',SX_FF.O)
957 r_QMAT(WX,'CYLIND_ICAL SECT. ,,r8.3,
_SX, S_°S S V_TEX CT_ I$FR.3/
_X_ AFT @ULKWEA)Ip6X$r=,O_
_SX, :_EL)MATIC K :J SYS *_F_.3/
_3X, _E FAI_IN3'_6X_(_F_._ ' )_
_2Y, avl_N13S',11X,'l',r8.O_' '/
_3Y* J_glLI_A6 mANEL (_F_,3m# )t_
5?X_ _Eg_RIT SYRTE_,,SX,_I,_r_.3,_ '/
5_, _ISCELLAME_JS*_6X,'It,C_'3_ ' _/
95_ C_R_AT(19X_IStJFT_T_L )_Y wEIS_T°_F_,Ot/
T_IK JND_IN_BLEt,3X,_B.O/
rEEDLINE TRAmmE)',3X,r_.3/
_QE_SJR_NT_,_X,r_.O/
=L' _IAS'_ISx_F_']/___ ...........
JS^_LE m_qmELLANT l_,rg.0_ _ I/
T_TAL G_n_S _EI34T _,r9.O//
_0_ - m_1.000 960 rqRM_T(vIt_18Xt_EXTER_AL TAN< m_@mELLANT IAV_NT_Yi//
_0 _ = _.003 _10X,'ITEH'_23X,'6@X!_lSX_'LH_'I)
_I _ " _51.030 ST_ m
4-52
_VlCDONNELL DOUGLAS ASTRONAUTICS COMPANY- EAST

DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORT MDC E0746
VOLUME I
28 FEBRUARY 1973
5. BOOSTER MODULE
5.0 The Booster Vehicle Module contains the analytical and empirical weight
estimation relationship necessary to completely define the Solid Rocket Motor (SRM)
Booster system. Figure 5-1 depicts a typical recoverable Shuttle SRM and serves
to illustrate the detail accounted for in thls module. The approach adopted for in
this module was to use current applicable data from other contractors. A typical
example of this was the analytical work deriving the weight of the basic SRM
documented by Kimble of the Aerospace Corporation (Reference M) in 1966. These
data were reviewed and additional scaling laws developed to meet current as well
as projected requirements, thus reflecting the current state of the art throughout
the solid propulsion industry. All scaling equations were developed analytically
where possible, and correlated with empirical and point design data to determine
the coefficients, exponents and constants required to produce reasonable results.
This process consists of (i) comparison of subsystem weights predicted by the
theoretical equations with actual and point design data, (2) modification of elements
of the theoretical equations to improve the correlation, (3) determination of best
curve fits, and (4) evaluation of the correlation to determine the acceptability of
the errors resulting from using the best curve fits. Every attempt was made to
simplify and reduce the number of equations, expand the range of parametric values
and, at the same time, retain the accuracy required for preliminary design studies.
While the results have been quite satisfactory, it will be necessary to update
the model as the design progresses and, perhaps, modify or redevelop certain equa-
tions. For example, design considerations that have come to light since the Shuttle
proposal are water impact beef-up, dynamic pressure at reentry, stress corrosion,
and biaxial stress allowables. These changes can be accomplished and incorporated
in the model by simply adjusting either the coefficients or constants of each sub-
syste_ or by adding an additional fixed constant. An alternate method would be to
shift mass fraction versus propellant curves generated from the present model so
that the appropriate curve goes through a known design point. The tendency to use
weight estimating techniques beyond their limits is ever present; therefore, atten-
tion should be given to the limitations of these equations, so that modifications
may be made if the range of the parameters encompassed by the empirical data used
in the correlation analysis Is exceeded. Table 5-1 presents a complete list of the
equations employed in the SRM model.
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TABLE 5-1
SUMMARYOF SRM WEIGHT EQUATIONS
COMPONENT EQUATION
BASICcAsESRM Wc = 11.16 Ip m( Wp x 0.95 (MEOp)0.7 (FS)0.7
L \Pp .r/p / (Ftu)0.9
JOINTS Wj: 7.7 D2 (MEOP)(FS)Nj
Ftu
NOZZLE Wnoz = 0.003505 Kgn
THRUST TERM
INSULATION
CASE
JOINTS
EXPENDED
IGNITER
LANDING AND RECOVERY
PARACHUTE
PARACHUTEINSTL
RETRO ROCKET
PROPELLANT
WATER RECOVERY HARDWARE
BODY
FORWARDSKIRT
AFT SKIRT/LAUNCH
STRUCT
ATTACH/SEPSTRUCT
NOSE FAIRING
TUNNEL
Wtt : 0.03518(Fs1_
\cf P:/
ITS6 12 0, ]Fsl
Cf12 pc0.8 (tan _ 0.4
1.45
r W -0.8
Wins =0.000602/_WP /
L\Pp_p/
0.916
Tb0-5 Pc0.117 11_c0.)210"86
(_) 0.1 (Tales)0.2 J
Wji : 2WiiNjORWji = (Wui+Wii) NjorWji: 2WuiNj
WHERE
Wui : 0.00054 (D - Dp) D T b
Wii : 0.0001,8 (D - Dp)[(2D + Dp) Tb + 80 D]
Dp = _._
Wei = 0.005 (Wp); INCLUDED IN Wins + Wji
Wii|n : 0.33658 D1,45
b 0.114)L (0,]63 a-
(_) 0.315
Wbo
Wpar = 175.498 __
(Vri)2
Wpi : 0.6916 Wpar
(Vri - Vsd/
Wrr = 0.0819Wbo \ isp /
Wrp = 0.675 Wrr
Wwr = 380
Wfs = 13.65 D
WasI s = 0.00464
Fsl
Was : 952 --
Wbo
Wn# = 0.0607 O2
Wt : 0.114 L
OLOW + 2Wlo
-
0,65 Fos I cos_(LDf *_-)]4-
OTHER
AVIONICS Way= 182
TPS Wtp : 0.018 D2
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5. i Subsystem Weight Equations
5.1. i Basic SRM- The following group of equations represents about 75 percent
of the total dry weight.
5.1.2 Case - The equation for an unsegmented metal propellant case is from
Reference(M). Its derivation was based on a pressure vessel design assuming a
cylindrical case with hemispherical domes.
The thicknesses of the cylinder and dome are:
MEOP (D) FS _ MEOP (D) FS
Tcy I = 2Ftu ; Tdome 4Ftu
Weights of the cylinder and dome are:
Wcy I = Acy I (Tcy I) 0m; Wdome = Adome (Tdome) 0m for hemisperical domes
where Acy I and Adome are surface areas of the cylinder and dome respectively.
Wdome was modified to account for eliptical domes. Figure 5.1-i shows the ratio
13 i I I
ASSUMPTIONS:
• ELLIPSOIDAL HEADSHAVE VARIABLE THICKNESS
1.2 IN MERIDIONAL DIRECTION __
ELLIPSOIDAL AND HEMISPHERICALHEADSHAVE
_ EQUAL BASE_ADII, (a) , I
09 J
0"80.5-- 0.5 0.7 0.8 0.9 1.0
MINOR TO MAJORAXIS RATIO - b/a
FIGURE 5.1-1 WEIGHTRATIO OF ELLIPSOIDAL TO HEMISPHERICALDOMES
5-4
MCDONNELL DOUGLAJ ASTRONAUTICS COMPANY - EA|T
DEVELOPMENT OF A WEIGHT/SIZINGDESIGNSYNTHESIS
COMPUTERPROGRAM- FINAL REPORT
REPORT MDC E0746
VOLUME I
28 FEBRUARY 1973
of the weights of elliposidal to hemispherical domes having equal base radii
as a function of the ellipse axis ratio (b/a). The following function was
derived to fit this curve:
Ib- 0.7711.3+ 0.856
and case geometry becomes
/i°\
L
Substituting equations for thickness, weights of the cylinder and ellipsoidal
dome are:
W
cyl
= _D3(MEOP) (FS)0m(_)
2Ftu
Wdome = [11 
8F
tu
+ 0.856] ; for one dome
Case volume is
nD 3
V
case 2
Solving for D 3
D3=
2W
P
Case weight can be expressed as
W
=__P_
npPp
MEOP(FS)p m W
W = W + = P K
c cyl 2Wdome Ftu (0p) np g
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where
__ +
which is approximated within 5% by
(0. 163 b -0. 114) 1
1.77 (_) a
K =
g 0. 315
The theoretical case weight was then correlated with 20 metal case data points
including actual hardware, design studies, and proposals which resulted in the
final equation
1.013
I_ )0.95 (MEOp)0.7 _FS)0.7 (_) (0"163 b- 0"I14)]a
W = 11.16 Wp
c Ppnp (Ftu) O. 9 (b) 0. 315 Pm
Limitations of this equation are listed in Case Segmentation.
Load Fraction (np)- The weight of star pattern propellant inPropellant
both domes with a density of 0.063 ib/ in 3 was determined to be 70,000 ib for
a 156-in. diameter SRM. The volume of the domes and the propellant in them are
_b 70000 _bD3 • V - = 0.559; = 0.292674 D 3
Vdome = _ a ' prop 0.063 Vdome a
Cylinder length is
V
L= pc
_(Acs - A )P
where the volume of propellant in the cylinder is
W
V = p - 0.292674 D 3 b
pc 0 a
P
and case internal cross sectional area is
2
A =- (D - T)
cs 4
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Where T is the cylinder wall thickness + insulation
T - MEOP(D)FS + 0.25
2F
tu
The total case volume for a Ap/A t ratio of 1.3 is
V _ D 3 b + _ D2_^ Vpc
case = 6 7 7 - i. 3 AF /cs t
Since the propellant loading fraction is defined as propellant volume
divided by case volume
W
4 = P
p p V
p case
5.1.3 Case Segmentation - The equation in 5.1.2 is for an unsegmented case,
but large SRM's are divided into segments resulting in a joint penalty. Reference
(M) provided the source of the equation and derivation used for this penalty. It
was assumed that flight and ground handling loads do not design the Joint and the
joint cross sectional area will vary linearly with case wall thickness. Weight
of the joints is
W. = _ D A . 0. N.
J xj j j
where A . is the joint cross sectional area and p. is the density of the
xj j
joint material. Since
A = T
xj cyl
(_ P_qc_,._O_,___D,2F from Paragraph 5.1.2.where Tcy I =
tu
W. = _ D 2 (MEOP). (FS)(Dj)Nj
J 2F
tu
Assuming that the joints are manufactured from steel, pj is relatively constant.
Removing constants
(MEOP) (FS)N.
W. = D 2 .]
j F
tu
Applying this expression to manufactured joint data, the following weight equation
for case joint penalties resulted
MEOP (FS)N.
Wo = 7.7 D 2 J
] F
tu
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This equation is applicable to pin and clevis type Joints only. A set of para-
metric limits was established for the joint equation as well as the case
equation previously presented. They are:
3000 < W < 2,000,000 ib
P
500 < MEOP < 1500 ib/in 2
0.25 < L/D < 8
0.6 < b/a < 1.0
The values of the material property parameter F to be used in the equations is
tu
room temperature value. It has been assumed that case insulation will prohibit
steel cases from exceeding 350°F.
5.1.4 Case Weight Comparison - A comparison of proposed 156 in. diameter SRM
case weights and predicted case weights resulting from equations in Paragraphs
5.1.2 and 5.1.3 is presented in Table 5.1-1. Proposed weights and design parameters
were obtained from SRM study reports submitted to NASA by Lockheed, AeroJet, UTC,
and Thiokol on 15 March 1972. Biaxial gain was accounted for by either a lower
FS or a higher Ftu in the SRM proposals which took advantage of it. The reported
case weights were 5 to 13 percent lower than those predicted by the parametric
equations.
5.1.5 Nozzle - The nozzle weight equation from Reference (M) was for a fixed
ablative nozzle divided into seven sections as shown in Figure 5.1-2. Based on the
analysis of the section theoretical weight equations, a single parametric weight
estimating proportionality expression was derived.
(W C*)1"2 e0"65
W _ p
noz
Tb0. @ 0 5Pc0"6 5 (tan _) "
This expression provided the basis for the correlation analyses which resulted
in the final equation
W = 0.0000772 K
noz gn (Wp C*) 1"2 E0"7 ]p 0.8 T 0.6(tan @)0,'4
c b
0.916
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TABLE 5.1-1
COMPARISONOF PROPOSEDSRMCASEWEIGHTSWITH THOSE
PREDICTED BY AEROSPACEEQUATION
SRM
REPORT
LOCKHEED
AEROJET
UTC
THIOKOL
MDAC
PROPELLANT
Wp (LB)
1,231,031
100,000
1,250.000
1,217,664
1.270,000
PROPELLANT
DENSITY --pp
(LB IN.z)
0.0649
0 0635
0064
0063
PROPELLANT
LOADING
FACTOR_p
0 76397
SEE NOTE
078082
082335
0 7914
MAX OP F.S.
PRESSURE
MEOP (PSI
1000 I 4
1000 14
]000 1 25Z_
996 ] 4
1000 14
ULTIMATE
STRENGTH
Ftu (KSI)
225 //_
220
195
200
225
MATERIAL
DENSITY
_(LB IN.3)
0283
0283
0283
0283
0283
MATERIAL
D6AC
D6AC
D6AC
D6AC
D6AC
DIAMETER
D (IN)
156
156
]56
156
]56
SRM
REPORT
LOCKHEED
AEROJET
UTC
THIOKOL
MDAC
LDOF
CYLINDER
7.66
561
7.79
7.08
788
NUMBER PREDICTED CASE WEIGHT(EQUATIONS)
UNSEGMENTED JOINTS TOTAL
Wc _ Wj _ (LB)
91,034 9328 100,362
69.282 3577 72,859
197,791 4805 112.596
104,179 5226 109,405
103,605 8162 111,767
OF JOINTS
Nj
NOTES: _ BIAXIAL ULTIMATE STRENGTH = 254 KSI FOR 13°. GAIN
BIAXIAL ULTIMATE STRENGTH = 248 KSI FOR 13%GAIN
PROPOSED
CASE WT
(LB)
95,373
69,030
99,799
102,755
103,206
P'REDICTED WEIGHTS
( I*o HIGHER
THAN PROPOSED
_5.3)
(55)
(128)
( 6.5_
( 8.3!
//_ F.S. SHOWNIS FOR UNIAXIAL TENSILE STRENGTH. ACTUAL BREAKING STRENGTH OF A CASE WITHOUT IMPERFECTIONS ISUP TO ]5%
GREATER THAN THE DESIGN BURST PRESSURE DUE TO THE APPARENT INCREASE IN MATERIAL STRENGTH IN A BIAXIAL STRESS FIELD.
THIS DATA NOT AVAILABLE 1.013
I.\Pp qp/ (Ftu) 0.9 _ O] PmJ
,/_ Wj = 7.7 (D) 2 MEOP*FS*Nj
Ftu
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which is equivalent to
0.916
Wnoz = 0.003505 Kgnlcfl. 2 0.8 0.0.4Pc (tan _)
2.1
where Kg n 0.116 for gimballed nozzles and 1.0 for fixed nozzles. The
E
following limits apply to the ablative nozzle weight scaling equation
500 < W < 2,000,000 ib
P
30 < Tb < 140 sec
300 < P < i000 ib/in 2
C
5 < E <75
15 < 0/2 < 30 deg
Thrust Te_ination - Thrust te_ination provides a negative or zero thrust
so the port area must be related to the nozzle throat area. From Reference (M)
W C*
W _P Fs_
tt P T b Cf PC C
W
and correlation of --_ with thrust te_ination weights resulted in
P T bC
Wtt = 170VC Tb/
However, the constant was changed to reflect a point design so the final equation
is
1.45
)tt _ Cf Pc
5.1.6 Insulation - The source for internal insulation weight equations was
Reference (M) .
W. = 0.000602
ins
0.86
0.5 0.117 2
c \i000/
0pnp L 0 1 0.2
(_) • (Tde s)
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Additional insulation required for Joints is
Wul. = 0.00054 (D-Dp) DT b
or
W..zl= 0.000178 (D-Dp) [(2D + Dp) Tb + 80D]
where
D
P=I   4wpci]If2At )\_ Pc Tb g 14Fs]= _iA t _ Cf Pc 1/2
For both propellant segment ends inhibited from burning (inhibiting function is
accomplished with insulation)
W.. = 2W.. N.
]z zl 3
If one end is inhibited
W. = (Wui + W. ) N3i Ii j
If neither end is inhibited
W.. = 2W . N.
31 ul ]
The following set of limits represent the range of parameters in the empirical
data:
2000 < W < 3,000,000 ib
P
40 < Tb < 140 sec
300 < P < 1200 ib/in 2
c
5000 < T < 6500°F
C
0.25 < L/D < 8
Expended insulation from Win s and Wji during burn time was estimated to be
W = 0.005 W
exins p
5.1.7 Igniter - Igniter weight of some SRM's was plotted versus motor diameter
with the resulting equation of the curve being
Wig n = 0.376 D 1"45
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5.2 Landln 8 and Recovery - These equations predict weight for parachute
and braking rocket systems. Figure 5.1-3 presents the recovery mode for the DOlnh
design which was used as the basis in determining equation parameters and
coefficients.
5.2.1 Parachute - A retro rocket ignition velocity of 240 ft/sec and SRM
burnout weight of 188,000 ib were used in the analysis of the parachute system.
The following weight summary indicates what components were included:
PARACHUTE HARDWARE LIST AND WEIGHT SUMMARY
DESCRIPTION
STABILIZATION PARACHUTE SUBSYSTEM
Stabilization Chute, 23.0 ft (Do ) 23 ° Conical Ribbon
Riser, 25.6 ft long, suspension lines continued
Deployment Bag
Mortar, 20 in. dia. x 32 in. deep
Cartridge, uses 2 SBASI for initiation
Nose Cap, held by shear pins until mortar force
Bridle, tie between nose cone and pilot bag
MAIN PARACHUTE SUBSYSTEM
Pilot Chute, 13.7 ft (Do ) 25° Conical Ribbon
Riser, 56.3 ft long
Deployment Bag, Pilot
Main Chute, 78.5 ft (D) 20 ° Conical Ribbon
O
Deployment Bag, Main
Reefing Line Cutter, i0 sec delay (4 required)
Reefing Line, 9000 ib MIL-W-4088, 129 ft long
Explosive Bolt, release for attachment ring
Jumper Line, attach ring to flotation and retrieval gear
WEIGHT - LB
90
17
9
36
i
18
4
175
9
16
1
1464
127
2
9
2
i
1631
It was assumed that the stabilization parachute subsystem weight remains con-
stant. The main parachute weight equation was derived from the fact that
Wbo = Cd Ap q
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, the parachute area, and q the aerodynamic
where Cd is the drag coefficient Ap
pressure which can be expressed as
q = 1/2 p V2
a
where p is atmospheric density at altitude and V is velocity. Assuming that
a
parachute weight is proportional to area, Cd constant, and Pa constant
Wbo
W
2
par (Vri)
The total parachute system weight equation is
Wbo
W = 175 + 498
2
par (Vri)
Parachute Installation - A summary of installation hardware compatible with
the parachute system follows:
PARACHUTE INSTALLATION HARDWARE LIST AND WEIGHT SUMMARY
DESCRIPTION
ACCESSORY HARDWARE
Support Ring
Severance Ring
Linear Shaped, Charge Assembly
Foam Filler (for flotation), 32 ft 3
Support Bulkhead
Flotation Bag, Pressurization Vessel and Valve
Cannister
Attachment Ring, 80 suspension lines, 4 each at 20 points
Miscellaneous
This hardware is assumed to be proportional to the parachute weight so
W =0.6916 W
pi par
WEIGHT - LB
680
48
21
128
65
40
185
70
12
1249
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5.2.2 Retro Rockets - The characteristics of the point design braking
rockets are as follows:
Braking Rockets
Number
SL Thrust (ib/rocket)
SL Specific Impulse (sec)
Burn Time (sec)
Propellant Wt (ib)
Gross Wt (Ib)
4 per SRM Stage
283,500/35,780 (Boost/Sustainer)
249/213 (Boost/Sustainer)
1.3/5.6 (Boost/Sustainer)
10,104
14,968
The total ideal velocity available from the rocket is
AV = g I
sp
Wbo
in
Wb o - Wrp
From a series expansion
2
Wbo
Wbo W
rpIn
Wbo - Wrp Wbo
Since the retro rocket propellant is only a small portion of the total weight,
all terms of the expansion after the first one can be neglected so that
AV Wbo
W =
rp g I
sp
Assuming a constant mass fraction and that (Vri - Vsd) is proportional to burn
time
(Vri - Vsd) Wbo
W
rr I
sp
An ignition velocity of 240 ft/sec, water impact velocity of 20 ft/sec, SRM
burnout weight of 188,500 ib, and average I of 235 sec were used in the
sp
determination of the final equation for rocket weight including attach structure
(Vri - Vsd) Wbo
W = 0.0819
rr I
sp
The propellant mass fraction is
W
rp = 0.675
W
rr
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5.2.3 Water Recovery Hardware - The components and weights of this subsystem
are summarized as follows:
SRM RECOVERY HARDWARE
WEIGHT - LB
Llne 120
Mortars i00
Floats 60
Sea Anchors 20
Attach Lugs 80
380
Since the weight of these items is assumed to remain constant
W = 380
wr
5.2.4 Body - This group includes structural components required for making
the basic SRM adaptable to Shuttle use. Weight equations were derived, using a
point design as the basis for parameters and coefficients. The equations are
adequate for sizing purposes in spite of their simplicity. Considerable
analysis beyond the scope of preliminary design presently available would be
necessary to increase the degree of confidence in them. As it is,the body
group represents only 15 percent of the total SRM dry weight.
Forward Skirt - The design of this item reflects minimum weight structure
at a constant length. Weight can be expressed in terms of diamete$ so using
point design data
Wfs = 13.65 D
Aft Skirt/Launch Structure - Assuming the critical load to be at liftoff
with orbiter engines firing and negligible wind effects
Wasls = axial load + reaction of orbiter thrust
Distributing the load to two fittings on the open trusswork skirt
LOW + 2W_o (1.3) _ cos _ (Lf +
Wasls =_ - 4 + D
Where 1.3 is the dynamic amplification factor. From point design data the
final equation is
OLOW + 2WEo 0.65 Fos _ cos _ (LfWasls = 0.00464 4 + D
+
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Attach/Separation Structure - An equation was derived from a simplified
relationship of loads. Structural weight decreases with reduced SRM engine
thrust or when a heavier SRM relieves the load. From point design data
Fs_
W = 952--
as W_o
Nose Fairing - A constant unit weight resulting from the point design is
applied to any nose cone area. For a 20 deg cone
Wnf =0.0607 D2
Tunnel - Weight of the systems lines tunnel depends on cylindrical case
length
W = 0.114 L
t
5.3 Other - Weight equations for remaining systems are included in this
section.
Avionics - Avionics weight remains constant.
W = 182
av
The following summary indicates the items included
AVIONICS WEIGHT SUMMARY
Chamber Pressure Transducers
Battery
Sequence Control
Radar Altimeter
Radar Antenna
Relays
Receiver Antenna
Receiver Transmitter
Barometric Switches
Wiring and Connectors
Supports
WEIGHT - LB
18
8
5
7
2
15
8
16
2
67
34
182
TPS - Nose insulation reflects a constant unit weight material.
20 deg cone
W = 0.018 D 2
tp
For a
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5.4 SRM Module - The SRM model that has been incorporated into the overall
sizing program is in modular form and includes the preceding weight scaling equations.
This module provides a desirable weight estimation tool for analyzing the prelimi-
nary design studies of point design or, in the ESPER program it provides the capabi-
lity of optimization of the system by inputting a desired diameter and iterating
on propellant load and engine characteristics. The module has built in error
messages that tell the user when the limits of the parameter encompassed by the
empirical data used in the correlation analysis have been exceeded. It also con-
tains input constant which allows the user to input weight changes without modifying
the program. As with the Orbiter and External Tank Modules the flexibility is
inherent for replacing relationships or modifying the internal constants with a
minimum of effort.
The SRM Module also contains the option of utilizing a simplified equation to
derive the SRM weight rather than the detailed analysis. The primary purpose of
this option is to save time and money. This is accomplished by greatly reducing
the computer run time as well as eliminating the 39 input variables required to
run the detailed program. In the formulation of this equation, the primary para-
meters considered were usable ascent propellant and sea-level thrust. A battery
of parametric runs was completed in which sea-level thrust was varied from 3.0M
to 5.0M ib and ascent propellant loadings from 1.0M to 2.0M Ib SRM burn out weight
was then plotted against sea-level thrust resulting in a family of propellant curves
as shown in Figure 5.4-1. Each of these curves were analyzed by a least squares
curve fit to determine the coefficients of the equations describing them. These
resulting coefficients were, in turn, curve-fit to give interpolation capabilities.
The resulting equations are as follows:
C_EFSE = 29653.3 + (PR_PB * 0.0773338)
BB_WT = C_EFSE + (THBSL * 0.01887863)
where: PROPB = Usable ascent propellant weight.
THBSL = Sea level thrust
Table 5.4-1 is a detail listing of the input parameter both in the symbolic nota-
tion as used in the equation formulation and in the Fortran language as is used in the
computer program. Included with each parameter is a physical description and the
corresponding dimensional units. Figure 5.4-2 depicts a typical SRM with various
sections and dimensions noted. The following table (Table 5.4-2 is a data input file
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340
320
n: 300
,--g 28oi
w-z
260
I
240
220CZ:Z
200
2.0M LB PROP
1.8 M LB
1.6 M LB
1.4M LB
1.2 B LB
1.0 M LB
3.0 3.5
FIGURE 5.4-1
4.0 4.5
(THRUST LB X 106)_RM
SRM BURNOUT WEIGHT VS SRM SEA LEVEL THRUST
5.0
TABLE 5.4-1
SRM MODULE NOMENCLATURE
(PER SRM)
VARIABLE NAME
FORTRAN SYMBOLIC DEFINITION UNITS
MANE a
AP A
P
AT A t
MIAX b
CF Cf
DIA D
DP D
P
TH_SL Fos 1
THBSL Fsl
Major axis of ellipsoidal dome
Propellant grain port area
Nozzle throat area
Minor axis of elliposidal dome
Thrust coefficient
Case diameter
Propellant grain port diameter
Total orbiter sea level thrust
SRM sea level thrust
IN.
2
IN.
2
IN.
IN.
N.D.
IN.
IN.
LB
LB
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VARIABLE NAME
FORTRAN SYMBOLIC DESCRIPTION UNITS
FTU F
tu
FS FS
RRISP I
sp
LTH L
LF Lf
ME_P ME_P
NJ N.
J
_GL_W _L_W
PC P
c
BBT T b
TC T
c
TDES Tde s
VRI V .
rl
VSD Vsd
WAS W
as
WASLS W
asls
WAV W
av
BB_WT Wb o
WCASE W
c
EXPINS W .
el
WFS Wfs
WIGN Wig n
WII Wii
WINS T Win s
WJ_INT W.
fl
WINSJ W.ji
BL_WT W_,°
I_IF Wnf
WNCZZ W
noz
Ultimate tensile strength
Factor of safety
Average specific impulse of retro rocket propellant
Length of cylindrical portion of case
Distance from edge of aft skirt end to orbiter
thrust line
Maximum expected operating pressure
Number of segment joints
Orbiter liftoff weight including external tank
Average operating chamber pressure
SRM burn time
Combustion temperature
Case design temperature
Velocity @ retro rocket ignition
Velocity @ water impact
Attach/separation structure weight
Aft skirt/launch structure weight
Avionics weights
SRM burnout weight
Unsegmented case weight
Expended insulation weight
Forward skirt weight
Igniter weight
Inhibited segment end insulation weight
Internal insulation weight
Case segment Joint weight
Segment joint insulation weight
SRM liftoff weight
Nose fairing weight
Nozzle weight
ib/in 2
N.D.
SEC
IN.
IN.
ib/in 2
N.D.
LB
lb/in 2
SEC
oF
oF
FT/SEC
FT/SEC
LB
LB
LB
LB
LB
LB
LB
LB
LB
LB
LB
LB
LB
LB
LB
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VARIABLE NAME
FORTRAN SYMBOLI C DEFINITION UNITS
PR_PB
WPAR
WPI
WRP
WRR
WTN
WNCTPS
WTTER
WUI
WWR
NER
NP
NDHA
RH_M
RHCP
AACE
INT
BUNCI
WNCZ
WEI
BASSRM
UNCERT
WRECCV
SRMISS
BGL_W
LAMB
BSRMC
SRMIC
SRMRC
W
P
W
par
W
pz
W
rp
W
rr
Wt
W
tp
Wtt
Wui
W
wr
qp
@/2
Pm
Pp
Propellant weight
Parachute weight
Parachute installation weight
Retro rocket propellant weight
Retro rocket (including installation) weight
Tunnel weight
Nose cone thermal protection weight
Thrust termination weight
Uninhibited segment end insulation weight
Water recovery hardware weight
Nozzle expansion ratio
Propellant loading fraction
Nozzle divergence half angle
Case material density
Propellant density
Average angle of orbiter engines with X axis in
X-Z plane
Insulation thickness
Percent uncertainty applied to the Government
furnished Eq.'s of the SRM
Counter-nozzle type - 0.0 - fixed
1.0 - gimballed
Counter-joint type - 0.0 - neither end inhibited
1.0 - one end inhibited
Basic SRM weight
Total uncertainty weight
SRM recovery system weight
SRM body adapter weight
SRM gross launch weight
SRMLAMBDA
Basic SRM weight constant
SRM adapter weight constant
SRM recovery weight constant
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CASE (Cylindrical Section)
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FIGURE5.4-2 TYPICAL SRM
corresponding to the NR 162-in Booster, followed by the resulting detail printout,
Table 5.4-3. Following this is a simplified flow diagram of the module (Figure
5.4-3) and a listing of the computer program (Table 5.4-4).
1 .900
!. 000
, .O00
3 .bOO
/4. () (} 0
4.500
• OL)()
4.000
7 .OOO
10.000
INPUT IDATA
BASICSRM
WEIGHTEQUATIONS
1. CASEWT
2. JOINT WT
3. NOZZLE WT
4. ETC.
TABLE 5.4-2
NORTHAMERICAN BOOSTERDATA FILE
?:_9PB=1406167
_4K_P=IOOO.,FS
_P=.76397,KJ=
INBSL=3_I/O00
CF=I.b_,PC=_3
BBO::I=_318_O.
JKI=14I., JSD =
LF:2OO.,BUNCI
.,NH;,_P=.O65,DIA=I62.,,HIA.'£=tJl .,M_A=_I •
=1 .4,F]U=254000.,_HI3"1=.2_53, I_I=. 1
5.,'.i'xlJZ=l .,k£<=l 1 .2,b3_]l=12b.,AP=36_O.O
3.3,NDH_=IS.,IC=bbOO.,TDES=2bO.,P']=2V3U"
141 .,_SLO.'#=2OOOOOO.,IH_JbL=3_bOOU.,AA_E =lo.
= • 035, B_JIX,C2= .035, _ 15P=235., .VEI =O .O
IC=O .0, b _l,l.xC= 3500 •
RECOVERYSYSTEM
WEIGHTEQUATIONS
1. PARACHUTE WT
2. RETROROCKWT
3. RE]'RO PROP WT
4. ETC
T
SRMADAPTER
WEIGHTEQUATIONS
1. FORWARDSKIRT
2. AFT SKIRT
3. NOSE FAIRING
4. ETC.
NO
i
FIGURE 5.4-3 SRMMODULESIMPLIFIED FLOWDIAGRAM
OUTPUT
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TABLE 5.4-3
NORTHAMERICANBOOSTERPRINTOUT
WEIGHT SUMMARY (PER 5KM) - L_.
_ASIC SRM WEIGHT ( 161917.)
CASE _EIGHT I02469.
J_INI WEIGHT 5_69.
NOZZLE WEIGHT 46803.
THRUST TEN _EIGHT 3827.
INSULATION _KIGHT 8721.
IGNITER WEIGHT 535.
BASIC 5RM _T. CONS1, O.
5RM RECOVERY WEIGH1 ( 13149.)
P_R_CHlJTK WEIGHT _430.
PARaCHU[E INSIL 3790.
RETR_ R_CKET O.
PR_PELL_NT iVEIGHT O.
WAIER NEE. HWD. 3_0.
5R_ RKC. _[. C_NSI. 3500.
5RM IN[ERStAGK 51. ( 30331.)
_'3R,VARD SKIRT 2211 •
AFT 5KI_i S1. Eil2b.
a] T_CH/gEP Sl_tJC] I' 1/609.
NC_SE FAIXIN3 1593.
T4JNNEL WEIGHT 13_5o
/IDNIC5 qEISH{ 182.
IP5 WEIGHT 472.
_:_ INTEr<5° CONST O.
UNCERTAINTY 4T. ( 7399.)
EXPENDABLE5 ( -1031,)
SK/, 9_JNN_U] WEIGHT ( 211765.)
5RM P,-_CP. LVEIGHT ( 1406167.)
LAMBDA .865
5RM Gt<a55 _VEIGH] (( 1624962.))
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TABLE 5.4-4
PROGRAM LISTING
1 t 11
2 • 2,
3 • 3,
5 • 5,C00
6 • 6,000
7 • 7,C00
B • 8,OOO
9 • 9,000
--lO_----tO,CO0 500
11 • 11,000
12 • 12,000 1
13 • 13,C00
15 • 15,CC0
16 • 16,C00 C
17 • 17,C00 C
1_ • 1_,C00 C
19 • 19,000 C
20 • CO,C00
21 • ?1,G0O
?2 • 22,000
23 • 23,C00
2_ • 2_,000
25 • 25,000
26 • 2_,000
27 • 27,C00
2_ • 2_,OCO C
29 • 29,0OO
30 • 30,000
31 • 31,0C0
32 • 32,C00
33 • 33oC00
35 • 35,000
36 • 36,CC0
37 • 37,C00
38 • 3_,000
39 • 39,000 C
- _0 - _O,CO0
W1 • _l,OOO C
_2 • W2,0C0
_3 • &3,O00
_R t___ _5,COO ___
_6 - a6,C00
&7 • _7,C00 _
W8 • _,O00 C
&q - 49,C00
50 - 5C,OO0
__ 51J_51,C00
52 • 52,000
53 • 53,C00
5_ • 5W,C00
55 • 55,000
CO0 SFIXEO
OCO 14PLI_IT REAL(A,Z)
C00 ...... _[.HEN$1BN RlO[_[
NAMELIS? PROmB,RHBPsDIA,MIAX, HAAX_ME6_FS, FTU, A7
I_HeHaI':TsNP,_JJ,_NpZ,NEH_BBT_APjTW_SLaCFaPEJNDNA
DTC,TUES,UB@WT,VRI,vsDJOGL@W, THOSbAA_EJLF
3agU_ICIa_UNC2,P_ISP,WEI,_S_MC,SRMICaSRHRE
CALL E?CSET(g99qS)
READ 50S,FIO
..... FeR_AT(wA_}
CALL. _PF_#SIFID)
INPUT(B)
ChU_T'0,O
WqECf)V'IOOGC,
BASIC S_ _ _,'EtGHT _.
GEOMETRY E_UIYIBNB ._
VPC,IVR_#B/_wBmI,I,29267_OIk,D|A_OIalIMIAX/MAAX))
ACS,(3,tWI59/W,OII(DI_-TCYLI_IDIA,?CY_}
LT_mVPC/(ACS.A_) ....
VCASE'(3,1_I59/6,0)*DIA*OIA'DIA_(MI_X/MAAX|
I+(3,_WI_glW,_I_OIA,OIA*IVPCI(ACS-I,3_TI)
PLEmPH{}PP/(R_P,VCASE)
CASF _EIG_T
IF(PR_PEoLT,_OOOo,RR,PROPB,GI,EO00000_} CSUNTI_!O____
IF(ME_P,LT,500,,OR,HEBB_G?_1500_| CBUNT_I_O
I;((LTH/DIAI,L.T,,2_o_,IL?WIDIA)_G?,_,) COUNT'I,0
IFI(_'I_X/H_AXI,LT,,6,0RoIP_IIX/MAAX|,G?,I,) CBUNTII,O
IF(C_UN_,ES,I,0) WRITE(IO_#703)
CkSEt'R.RHi(PR_P_/(RhOPI_P))t_95
CAS[_IYF_PII,7eFSttI?/FTbltl9
C_SE3"ILTH/OfA)-I((oI63*HIAX/MAAX)•_l_W}
C_SF_WLP,|AXIMAAX)**,315
_CASE'11.16*(C_SEI*CASE2*ICkSE31CAS£_))_%_OI3
...... CASE JSINT w_IG_T .._
_JflIKT,7,7,01A*OIA,(MEOP*FS*NJIFTU)
N_ZZLE ',_EIGNI
IrIPR_'q,LT,qqO,,9_,PROPE,OT,2000000,) CBUNTw_,O
IW(BBT,LT,3C,,OW,BBT,GT_IWO,) CBUNTI_IO ......
I_(PC'LT,30C,,B_'PC,G?,ICC0,) COUNTIE_O
I_(%F_oLTo_o,_R,_,E_,GT,75,) COUNT'_eO
IF(NDHA,LT,I_,,SR,_D_A,_T,30,) COUNT"2,O
IF(CBU4T,E_,P,01 WRITE(10_@O0} ......
FIXED NFZZLE
_'_ZZI'B;{T**,A*T_USL**I,2*_FR_*,7
NeZI2=CF,iI,_,*_CIi,@*(TAN(NDHA/57o_9578)IeII_
IF(WNeZ,GT,.?,O) 58 TO 10
G9 T_ 2_ .....
GIMBA_LED N_ZZLE
KGN,2,ll/NER_I_I_6 ....
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TABLE 5.4-4
PROGRAM LISTING (Continued)
56 -
57 -
58 -
59 ,
60 o
61 =
62 •
63
56,000 ...... WNBZZJtCO350B'KON'|NflZZtlNBIZ2)'ee916
57,000 C THRIIST ?ERMINATIBN WEIGMT
59,000 C INSULATIRN WriGht
60,000 .... _r(P_P_,LT_PCOO',RRePRRPR'_?,3000000'}
61,C00 Ir(f_T,LT,_O,._,BBT,GT,I_O,) CRUN?1310
£2,000 .... |F(PC'LT,3OC,OR,PC.GT,%_Ce') CgUNT13,0
63,000 IF(TC'LTo_OCOoo_NeTC,GT'6500,} CRUNT.3oO
65 • 65,CC0
66 " 66,CC0
67 • 67,EC0
68 " 6_,COQ
69 • Fg,CO0
7Q+_____70,CCQ
71 • 71,CC0
72 • 7E,CCO .....
73 • 73,C00
7_ • 7_,C00 .
75 • 75,C00
76 " ?6oCCQ_+___
77 " 77,C00
78 • 7_,CCO 33
79 • 79,CC0 35
80 • 80,000 C
81 • S$,CCC
B2 t__ _,COO___
83 • 63,C00
85 • _5,CCO
86 • 86,C00
87 - 87,C00
8_ -__ 8_,COO
89 • 89,CC0
90 - 9C,CCO
91 • 91,OCO
9P = 9_,COO
93 - 93,CC0
9Ls___9_,CO0
95 • 95,000
96 - 96,000
97 - 97,0C0
98 • 98,0o0
99 - 99,000
100 - ..... ICC,O00
lOl • IC%,OCO
102 " 102,0C0 C
103 - 1C3,000 C
I0_ - %C_,CO0 C
105 • 1C5,0C0 C
106 ?._ 1C6,CC0
107 • ICT,OOD C
108 • I08,000
109 • 1C9.000
110 • 110,CCO
111 • I!I,0C0 C
112 - 112,CC0
113 • il3,CO0 C
%1_ • 11_,CCO
115 • 115,CC0 C
lJk • 116,000
¢_UNh3,0 ----
___IF((LT_/DIkJ.LTn.25,0_.(LT_/D!A)*GT_a*) C_UNTm3,0
Ir(C_UNT.E_._.O) _ITE(IC_.900)
C CAS[ + --
........ I_wSC_'_T**.5*PC**.ItT*(TC/IOOO_)#(TC/%000'} ....
X'cSC3I(LT_IDtA),',IeT_E5",._
WIK:$_'_Q6QP*(I_SCI'{INSC2/INSC3|)_*_&6
C QSI_T
Dp=([aP/AT),(_,O,T_BSL/(3,_lSgeCF*PC)))*",§ .....
WII..OOCI/B-t_IA-OR]-((_,*DIA*DP)'BBT*aO,'DIA| ........
l_(wFt.3T.O.h} _9 T_ 33
._Ih$_'_,Cw_UI*N_ ............................
GO te 35
W]NS_IWI_:SC+_INS_
I3_ITER wEIGht .......
EXPI_.Sm-,¢C5.P_RPR ................................
m_S_,.+,C_SE++'J+INT÷wmOZZ+WTtER,WINS++WI+N+BSRMC
. U_ICF_T,;_L!_:CI*{_nECRV+SRMISS)+BUNCEe(BASSRM) ......
B_Pt,,T,_SS_+_RHIS_*WqECRV+UNCERT÷EXP_NS
BL_TI_"9_T+PR_PB-FXP|N5 ........
30 Tg_aVITlq_O:_T
C
C RECOVERy SYSTEM W[I@MT
C
C P_RAC_UTE I_EIGMT
_mI.,6916"_PA_
C _ RETie R@CKE? WEIUHI
WR_l,O819"B@_wT'(VRI.VSD)/RRISP
C P_P[LLa_T WFIGHT
C WkTEP _ECSvE_Y _D__WEXSHT
WaR.3HO,
SRH B_DY ADAPTER WFIGH7
FBRWA_D SKIRT
_T SKI4T/LAUNCH STRUCTUR_ W_|_NT
ASLSII(_G_W+(2,0eBLOWT))/_,O
ASL_2"._5*TN_SL.CBR(AAflEI_ToEg2578)_(LFe(O|AI_,))
WASLSl,CO_64.(ASLSI+(AS_S_/DIAI)
ATTAC" SE_/STRUCTURE WEIGht
wA_-gb2_C*TWBSL/BHBWT .....
_OSE FAI_I_G
W_P.*O6C7*DIA*DIA ......
TU_%EL _.EIG_T
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TABLE 5.4-4
PROGRAM LISTING (Continued)
117 I 117,000
118 • 118o000
119 - 159,000
-120 • 120'000
121 • 121,000
122 • 122,000
123 • 123oCC0
125 - 125,COC
126 • 12_,C00
127 - 1_7,C00
128 • 128,000
129 • 129,C00
130 • 130,000
i31 • 131,C00
132 - 132,0C0
133 • 133,00G
13_ • 13_,000
%35 • $35,CC0
136 • 136,C00
137 - 137,CC0
13_ - 138,C00
_39 • 139,CC0
l_O • I_O,OCO
I_I • I_I,000
1_2 • l_2,CO0
%_3 • 1_3,C00
1_5 - l_5,CO0
IW6 • I_%,COO
1_7 • I_7,300
IW_ • I_8,C00
1W9 " 1_9,00Q
150 • 150,000
15% - 15t,000
152 • 152,000
153 • 153,000
155 - 155,0C0
156 • 155,$00
!57 • 157,C00
158 • 15_,C00
%59 • i59,C00
%60 - 160,000
161 - 161,000
162 • 162,CC0
163 • $£_,0C0
C AVIONICS wEION?
- WkV, 182,0
C TPS WEIGHT
16_ • 16W,CO0
165 - 165,000
166 - 166,C00
167 - 167,00Q
16_ _ 168,000 -9_99 CACC-LL_SF5 ........
1_q • _69o0C0 STOP
170 • _TC,CCO CAD
WNCTPS',OI_'OIAiDIA
S_MISS,_rS*WASLS*WIS÷WNF÷WTN÷WAVCWNCTPS÷BRMIC .....
WRECBV,_,'PAR+WPI÷WRR+WRP÷WWR÷SRMRC
U_CFRT,OUACI*IWREC_V÷SRMISSI÷BUNC_(BASSRM) .........
B_WT,_ASSRM_SR_ISS*w_EC@V+UNCERT÷EXPINS
BL_V,'T,b_T_PR_P_,FXRIKS
B_LR_.',ELS_.'T
LI_,_RBPBIBGLOW .........
G9 TO 3C _ _ .
_O _qITF(_C_IO00
___W_TEtI_,ICIOBASS_M
_;_IT[{l_8,10_O WCASE_W_OINT,WNOZZ$WTTERaWINS?,WI_N_BS@M_
W_IT_(IC8_IO_O WR;COV ...............
WQI_F(IC_IO_3 _PA_WPI_WRR_WRP#WWR_SRMRC
WqltElIC._,%0_O 5R_,ISS ......
W_IT[(IC;_IO6C; _F£_WASLS_WAStWNF,WTNIWAVaWNCTP$_SRMIC
_IT[(IC_,ICTO U_CE;T,EXPI_S .....
WRITEII?8*IO_(, B_T,P_OPB,LAMB_B_LBW
100 FORUAT(III_X,_i_'wAR_IN_ LOOK AT CASE AND JOINT PARAMETERS**#I)
800 FO_MAT(/II7X,***_WARNIN_ L.PgR AT NSZZL£ PARAMETERS***_)
gO0 Fg_I_T(t/I_X,_•.IWa_NIN_ L_gK AT INSULATION PARAMETERS _II )
lOGO FCIRqAT{/IEPX, iWEIG_T SLjMHARY IPER SRM} • LOot}
1010 FRRW_TI/12px,_B_SIC S_M _EIGNT'_WX_(_FtO,Q_I)!) .__
" I_20 F_Af(IP2X,_CA£E _EIGHTI_SX_;IO,O_I_2X,
1_JeI_T '.'EIG_T',qX,rtO,O_/PPX, I_OZZLE WEIGHT_BX_
2FIO,C,Ip?x,'T_I_}ST TER WEISHTI_WX_FIO,O_I22X_
SIIK'SULA71Ok! '...'EIGNT,,WX,_IO,O,122X,_IGNITER WEIGHTI#TX
N_F_C,O,/22x_ASIC SRM _T, CBNST,_mIx_FIO,O)
1030 F_RuAF(It22X, IS; M RECOVLGY v,FlS_t,_lX,,l_FlO,Oet)!)
" 10_0 FO_/T(/22X_PAA_AC_UTE _EIGHTIaSX_FIO,O_/22X$
ilPARA%HL;TE 14STI'_&X,F$O,O_/22X_I_ETR8 ROCKETI_OX# .......
2FIO,O_IP2X_IPROPELLA_T _FIGHTI_WX_FIO,O_/2_X_
3t'..'_F_ #EC, N_D,_,&X_FIO,o,122X, tSHM REC, WT, CBNSTII . _
,2X,r_O,_)
_eSO F_:;_AT(/f22X_'SD_ fNTERSTk(iE ST,_$2X, I{ImF$OeO_!|t[
1060 F_'_AT(12EX_P_WARD SKINt_X_r10,O_/22Xa
I'_F" 5KI_/ S?,t,_X,FIO,G_/?2X_IATTACH/SEP STRU_T! ............
2_X_FIO,C,12_X_+NO_E FAIRINo_gx_FlO,O_/22X_
3_TuNNEL WE.16Nt_BX,FIO,Q,/£2W_AV|ONICS _EIGHfI_6X_
_FIO,O_/?2X,'TPS WEfGHT_IIX_FIOeO_I22X_tSRM INTERS, C_NSTI
-- 1070 FDP'*A_ (12_X, iUNCERTAINTY WT, 1,5X_ I( I,F$O,O, !)l_122Xm
I_E XP[ _OAOLES _ 9_ _ { I_F I0, O_ ! )i)
1880 F'flRMATIIP2X_tSRM BURNOUT WEIGMTt#2X_III#FIO,O_tIII
I//22X_SR_ P_OP, wFIGHT_X, tItmFIOeO_I)Im/22X_ILAMBDA !
2#2X,FS,S_I/22XmlSRH GROSS WEIGHTla3X, l((l÷F$OeOal))l)
G9 T_ I
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APPENDIX A
SINGLE FACE CORRUGATION SHELL WEIGHT MODEL
In advanced design studies, it is not practical to analyze each structural
item in sufficient depth to determine its associated weight. Therefore, weight
estimation models, correlated where possible to hardware, are required. These
models are not intended to yield optimized structural designs. They must,
however, provide data adequate to define reasonable weights and their sensitivities
to the design and performance criteria applicable to each advanced design study.
Spacecraft have body structural shells which vary from cylindrical or conical
cross sections to flat-sided, noncircular cross sections. It is necessary to
consider a structural concept that can accommodate all of these shapes and still
provide adequate strength and stiffness during all mission phases. Two basic
requirements of the inner body shell structure are to provide load paths for
carrying aerodynamic and inertia-induced loads (i.e., body bending moments, axial
loads, and shear loads), and to provide a pressure shell for carrying internal
pressures. When this latter condition occurs simultaneously with aerodynamic and
inertia loads, the structural shell is analyzed using beam-column analysis.
The analytical equations are developed for a single skin, stiffened longi-
tudinally with open-face trapezoidal corrugations as illustrated in Figure A-I.
Single-skin, open-face corrugations are analyzed as though each pitch of
skin corrugation acts as an individual beam-column. Beam-column length is equal
to the interval between frames. Boundary conditions consider the primary shell
skin to exhibit negligible hoop tension or compression capability; therefore,
each pitch of skin corrugation beams the entire lateral pressure loads to
structural frames. Extent of conservatism exhibited by assuming negligible hoop
capabilities is highly dependent upon shell deviation from a cylindrical cross
section. Cylindrical shells provide excellent load paths for carrying hoop loads.
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SYMBOLS USED IN EQUATIONS
F
tu
F
cy
E
F
cc
F
c
Frb
P
P
c
P
cr
Pall
q
q
M
M
o
Mall
Yo
1
A
L
L'
t
b
s
I
P
Q
Z
W
k
ultimate tensile strength, ib/in 2
compressive yield strength, ib/in 2
Young's modulus of elasticity, Ib/in 2
crippling stress, lb/in 2
allowable column stress, ib/in 2
reference bending stress employed in plastic bending analysis, Ib/in 2
applied, ultimate axial load, ib
allowable column load per Johnson's equation, Ib
critical column load per Euler's equation, ib
axial load at failure, ib
applied, ultimate uniform radial loading, ib/in
applied, ultimate pressure, ib/in 2
applied, ultimate bending moment, in-lb
bending moment due to lateral load and corresponding to Yo' in-lb
allowable bending moment in plastic bending, in-lb
maximum final or total deflection, in
maximum deflection due to lateral and/or moment plus initial
eccentricity - in
ratio of P/Pcr or Pall/PCr, scalar
deflection magnification factor, scalar
cross-sectional area of beam or column, in 2
beam-column length, spacing between frames, in
effective beam-column length, L' = L/C/_f, in
thickness, in
element width used in crippling equations, in
corrugation pitch, in
4
area moment of inertia, in
material density, lb/in 3
static moment of area about neutral axis for plastic bending, in 3
3
section modulus, in
unit weight, lb/ft 2
radius of gyration, in
Cf fixity coefficient, scalar
V
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ts =0.488 T
s = 20 ts
tc ,_ O.5 ts
b( = 6.0 t s
bw = 15.0 t s
;
View A-A
FIGURE A-1
SINGLE-SKIN, TRAPEZODIAL CORRUGATION GEOMETRY
(Sizing Model)
The following work develops the shell sizing model which is taken directly
from Reference b.
Beam Columns - A beam-column is a compression member which is also subjected
to bending loads. Bending may be caused by eccentric application of the member,
lateral loadings, or a combination of these.
The final deflection at the center is:
Y = Yo (i--_)
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The moment on the column can then be expressed by the following equation:
M=Py+M
o
The margin of safety of a beam-column can be calculated using the following
interaction formula:
_+R = i,C
where
and
_= M
YO
Pall(l_--_) + M o
all
R : Pall
C
F A
CC
Substituting the ratios _ and Rc
following equation :
_
cc / \ cr / \FccA
into the interaction formula yields the
This is a quadratic equation with Pall/Pcr as the unknown.
by the usual quadratic formula:
o + I o +i=0
Mall Mall cr ! Mall
It can be solved
wh ere
Pall -b ! _ 2-4ac
P 2a
¢r
a ¢=
P
cr
A
CC
(;crc A+ crYoMa11M IIM°+i)
M
O
c=--- + I
H
all
The negative sign before the radical gives the proper answer when substituted
into the following expression:
Pall = Per \ cr /
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Before proceeding, it is necessary to solve for the quadratic equation
coefficients, a, b, _d c, in terms of the single-skin, open-face corrugation
geometry. This is accomplished in five basic steps:
(i) dete_nation of allow_le crippling stress (Fcc) - To determine allow_le
crippling stress, the following geometric relationships are used:
s _£ ts t =0"05Ss A = 0"i025s2
j t = 0.025s I = 0.0074s 4
<j b = 0.75s
W
C •
From Reference b, the crippling stress for a no-edge, free element may be
found from the equation:
F .595
F = 1.41 cy E
_0 Sl
cc E (_) .
For a given element, the maximum value allowed for F is F . In any
cc tu
equation used for determining the composite crippling stress of a skin corrugation,
it is necessary to account for three geometrically different elements as follows:
and
b
f 0.30s
Element i, where = 120.025st
C
b
w 0.75s
Element 2, where _--- = 0.025------s = 30
C
Element 3, where s__ = l.s = 20.
t 0.05s
S
The following combinations of conditions are possible stress levels for the
skin-corrugation elements:
(a) no elements working at F
tu
(b) one element working at F
tu
(c) two elements working at F
tu
(d) all three elements working at F
tu
For each possible combination, a composite F of skin corrugation is
CC
obtained from the following equations shown in Table A-I.
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Lower
Limit Z
0
5.3
8.02
ii.ii
Upper
Limit Z
5.3
8.02
ii.ii
0o
F
CC
Ftu
F
CC
Ftu
F
CC
F
tu
F
CC
F
tu
--= 0.1215 Z
-- = 0.094 Z + 0.146
--= 0.0328 Z + 0.634
--=1.
(2) determination of allowable buckling load (Pc) - The allowable buckling
load is calculated from Johnson's Parabola for short columns:
F 2(L'/k)2
P = F A - cc A
C. CC
4_ 2 E
For the skin-corrugation structure with a full fixity as the assumed boundary
condition, the Johnson's equation becomes :
P = 0.1025 L 2 [. Fc-------_--cc (L/s)2
Calculating the column stress from Johnson's equation,
P
C
F = --
c A
It must be verified that F is equal to or greater than one-half of F . If
C CC
this is not the case, then basic Euler column equation replaces Johnson's equation,
or:
2 El P
' P = _ and F = -9-c
c (L,)2 c A
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(3) determination of initial deflection (yo) and initial moment (Mo) -
These values are obtained from "Formulas for Stress and Strains," by R. J. Roark,
4th ed., dated 1965, for a beam carrying a uniform lateral load. The equations,
after substituting appropriate geometries, are:
kl
Yo = 2.84 Es 3
and
M = i
o kq Cf qSL 2
The values of k I and k 2 are given in Table A-2.
fixity condition Cf
both ends fixed 4.00
both ends pinned 1.00
one fixed, one pinned 2.04
one fixed, one free 0.25
TABLE A-2
FIXITY CONSTANTS
kI k 2
1.00 12.00
5.00 8.00
2.30 9.95
47.97 4.00
(4) determination of allowable bending moment (Mal l) - In determining the
allowable bending moment, the basic plastic bending equation found in Reference b
is employed:
Mall = (QI + Q2 ) Frb
Substituting the geometric relationship for the skin corrugation into this
expression, the following expression for Mal I is obtained.
Mal I = 0.0193s 3 Ftu
(5)
expressed as follows:
quadratic equation coefficients - The coefficients a, b, and c are
P
C
F A
CC
F21CC
L(LIs) 2 2. 8546Cf_
I Fcc I
(L/s) 2
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b = - [(a+c) +
kI k 2 Cf L
284 E
i Mo
(_)4 (L) 4 L- (Mall)] , and
where
if F
¢ --
C = 1 -
0.0193 k 2 Cf tu
P = .I025L 2 cc ,
> 1/2 Fcc, c L(i,/s)2 2.8546 Cf (Johnson s equation)
< I/2 F then P = _2 EI (Euler's equation)
If Fc cc' c (L,)2
The subroutine utilizes an iterative process where values of the skin thick-
ness (ts) are varied until Pall approaches P, or the margin of safety approaches
zero. As shown on Figure i, the value calculated for ts must satisfy the require-
ment:
t
s
--= t > t
2 c -- minimum
The value tminimu m represents a minimum sheet thickness, based upon manufacturing
and/or handling limitations used in the aerospace industry.
Using the relation between skin thickness (ts) and equivalent thickness (_)
shown on Figure A-I, the shell unit weight is determined by:
J
= 144 p
Circular Shells - As previously discussed, cylindrical and conical shells are
capable of carrying hoop loads. However, the present equations do not account for
this capability. Therefore, conical shells, which are employed on ballistic
vehicles, cargo propulsion modules, and launch vehicle adapters, are conservatively
sized by the techniques for noncircular shells.
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A.I - General Instructions - This is a program for finding the unit weight of
a single-face corrugation shell for a given running load, operating temperature,
and material. A linear expression giving unit weight in terms of running load is
produced as well. Three outputs are given which can be used as inputs to the
Aerosurface Calculation Program.
REQUIRED INPUT
The input form used is the "namelist" type which eliminates any fixed
format problems. The namelist variables used are given below.
Name Variable Units
E Young's Modulus of elasticity at operating temp. ib/in 2
FTU Ultimate tensile strength at operating temp. ib/in 2
PCY Compressive yield strength at operating temp. ib/in 2
MATL(1),I=I,3 Material Name --
RHO Material Density Ib/in 3
RS Rib Spacing in
TEMP Operating temperature °F
Q Running Load ib/in
FIX Indicator of fixity condition --
1 - both ends fixed
2 - both ends pinned
3 - one end fixed, one end pinned
4 - one end fixed, one end free
Variable limiting number of points per run (for
LIM = 50, Q RUNMA X = 32000 ib/in.)
LIM
Table A-3 is a typical input file for various materials, temperatures, and
pressures. Tables A-4 through A-10 are the resulting outputs for these data, and
Table A-II is a Fortran listing of the Shell Program.
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1.000
2.000
3.000
4.000
5.000
6.ooo
7.ooo
8.0oo
9. 000
lO.O00
ii.000
12.000
13.OOO
14. 000
15.ooo
16.o00
ALUM 2024-TB61
E=10.5E+0 _, FTU=71000., FCY=gBO00., RHO=. 1, R':;=20., TEtlP=70.
q=_. 4, FIX=3,LIH=43::
ALUH 201ii-T651
E: 10.7E+06, FTU=66000., FCY=59000., R'_O=. !Ol::
ALUM 2219-T87
E=IO. 5E+06, FTU=611000., FCY=53000., RHn=. i02::
AUUr_ 7075-T65!
E=10.3E+06, FTU=TSon0., FCY=gg000., RIIO=. !NZ':
ALUH 7079-T65!
E=I0.3E+O6,FTU-T6000.,FCY=6£000.,R_lO=.099::
TI TANIUI4 6AL-4V
E=16.0E+06, FTU=160000., FCY=Z54000. ,RilO:. 160":
TITANIUH 6AL- 4V
E:I3. lE+Og, FTU=II3000., FCY=98000., RT_O=. 160
TEHr_:600.::
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TABLE A-4
RESULTING OUTPUTS
ALUM 2024-T861 TEI'4P= 70. F O= 1.40 PSI
E= .105E 03 PSI FTU= 71000. PSI FCY= 63000. PSI
R;tO= .100 L3/IN3 RIB SPACII_G= 20.0 IH
FIXITY COEFFICIEI]T= 2.04 (ONE END FIXED,. O[JE PINNED)
QRUN ;IBAR K QRUr4 tIBAR
I00. .51 I0 7500. 2.34
200. .61 7 8OO0. 2.44
30o. .68 5 8500. 2.55
400. .74 3 9000. 2.66
500. .80 5 9500. 2.77
600. .84 5 ioooo. 2.89
7oo. .88 5 ii0oo. 3.I1
800. .92 6 12900. 3.34
900. • 95 6 13000. 3.57
I000. .98 6 14000. 3.80
1500. 1.12 6 15000. 4.04
2000. 1.23 5 16000. 4.28
2500. 1.32 5 17000. 4.51
3000. 1.42 5 18000. 4.75
3500. 1.5l 5 190qO. 4.99
4000. 1. g2 4 20000. 5.23
4500. 1.71 4 21000. 5.48
5000. 1.81 5 22000. 5.72
5500. 1.91 5 23000. 5.96
6000. 2°02 5 24000. 6.20
6500. 2.12 5 25000. 6.45
7000. 2.23 5
SLOPE: .000227 PSF/L[B/IN CB: .68
FA: 63444. PSI TAU: 22010. PSI
WBAR= .000227 _: ORUr4 + .68
PSF
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
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TABLE A-5
RESULTING OUTPUTS
ALU;4 2014-Tg51 TEMP= 70. F (_: 1.40 PSI
E: .107E 03 PSI FTU: 66000. PSI FCY: 59q00. PSI
RilO: .lO1 L[B/IN3 RIB SPACIt1G: 20.0 Itd
FIXITY COEFFICIEt_T= 2.04 (Or_E END FIXED, ONE PINNED)
ORU_ _,/BAR K QR U:,I '../BAR
lO0. .52 lO 7500. 2.41
200. .62 7 8000. 2.53
300. .69 5 8500. 2.64
400. .75 3 9000. 2.76
500. .80 5 9500. 2.88
600. .85 5 ioooo. 3. on
700. .89 5 ilOOO. 3.23
800. .93 5 12000. 3.48
900. .96 6 13000. 3.72
I000. .99 6 14000. 3.97 ,
1500. 1.13 5 15000. 4.21
2000. 1.24 4 16009. 4.46
2500. I. 34 5 17000. 4.71
3000. 1.4;I 5 18000. 4.97
3500. 1.55 tl 190or,. 5.22
4000. 1.65 4 20000. 5.47
4500. i. 75 5 21000. 5.73
5000. 1.86 5 22000. 5.93
5500. 1.97 5 23009. 6.24
6000. 2.08 5 24000. 6.50
6500. 2.19 5 25oofl. 6.75
7000. 2.30 5
SLOPE: .000240 PSF/LI_/IN CB: .66
FA: 60672. PSI TAU: 20460. PSI
WBAR: .000240 :: _RUN + .66
PSF
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TABLE A-6
RESULTING OUTPUTS
ALUH 2219-TS7 TEtlP= 70. F n: 1.40 PSI
E: .105E 08 PSI FTU: _Qno. nsI FCY= 53_0_. pSI
RitO= .102 LB/IN3 RIB SPACIt_G= 20.0 IN
FIXITY COEFFICIENT= 2,04 (ONE EtqD FIXED,, OtIE PI:_>JED)
QRUtl /IBAR K ORUI4 WB#R
i00. .52 lO 7500. 2.54
200. .63 7 8nOO. 2.67
300. .71 4 8500. 2.79
400. .77 4 9000. 2.92
5O0. .82 5 95o0. 3.05
600. .86 5 10000. 3.18
700. .91 5 llO00. 3. Ji4
800. .95 5 12000. 3.70
900. .98 6 130o0. 3.96
lO00. 1.Ol 6 lifO00. 4.23
150o. 1.15 5 150o0. 4.50
2000. 1.2G 5 IGOOO. 4.77
2500. i. 37 5 17000. 5.04
3000. 1.48 5 18000. 5.32
3500. 1.60 4 19000. 5.59
4009. 1.71 3 20000. 5.8¢)
4500. 1.82 5 21000. 6.14
5000. 1.94 5 22000. 6.42
5500. 2.06 5 23000. 6.69
6000. 2.18 5 24000. 6.97
6500. 2.30 5 25000. 7. 211
7000. 2.42 5
SLOPE: .000260 PSFILBIIN CB: .64
FA: 56462. PSl TAU= 19840. r,Sl
WBAR: .000260 :: ORUN + .64
PSF
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
4
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TABLE A-7
RESULTING OUTPUTS
ALUM 7075-T651 TEMP: 70. F n: 1.40 PSI
E= .I03E 08 PS! FTU= 79000. PSI FCY= 6900N, PSI
RliO= .201 LB/IN_ RIB SPACING= 20.0 It_
FIXITY COEFFICIEI_T= 2.04 (OtIE EHD FIXED, OI_E PIH,_IED)
QRUN ',,/BAR K QRUN _,/BAR
I00. .51 IO 7500. 2.29
200. .61 7 800o. 2.39
300. .69 5 8500. 2.49
400. .75 3 9000. 2.60
500. .80 5 9500. 2.70
600. .85 5 I0000. 2.81
700. .89 5 II000. 3.02
800. .93 6 12000. 3.24
90o. .96 6 13000. 3.46
IOOO. i.oo 6 14000. 3.68
15oo. 1.13 6 15000. 3.90
2000. I. 24 5 16000. 4.12
2500. 1.34 6 17000. 4.35
3000. 1.43 5 18000. 4.58
3500. 1.52 5 19009. 4.80
4000. 1.61 5 20000. 5.03
4500. 1.71 4 21000. 5.26
5000. I. £0 4 22000. 5.49
5500. 1.89 5 23000. 5.72
6000. 1.99 5 24000. 5.96
6500. 2.09 5 25000. 6.19
7000. 2.19 5
SLOPE= .000215 PSFIL:3/IN CB= .72
FA= 67641. PS I TAU= 24180. PSI
WBAR= .000215 :: C).RUI_+ .72
PSF
K
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
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TABLE A-8
RESULTING OUTPUTS
ALUH 7079-TC51 TEHP:
E: .I03E 08 PSI FTU= 76000.
R_IO: .099 LBIIN3 RIB SPACIHG:
FIXITY COEFFICIENT: 2.04
70. F C_: 1.40 PSI
PSI FCY: 68000. PSI
20.0 II',l
(ONE ErJD FIXED,. OI_E PINNED)
QRU_4 WBAR K
ioo. .50 IO
2o0. .6o 7
300. .68 5
400. .74 3
500. ;79 5
600. .83 5
700. .88 5
800. .91 6
900. .95 6
I000. .98 6
15o0. l.ll 6
2000. 1.22 5
2500. I. 31 6
3000. 1.40 5
3500. 1.49 5
4000. 1.58 5
4500. 1.68 4
5OOO. 1.77 4
5500. 1.86 5
6000. 1.96 5
6500. 2.06 5
7000. 2.16 5
I')R UH _/[]AR F,
7500. 2.26 5
8000. 2.36 5
8500. 2.46 5
9000. 2.57 5
9500. 2.67 5
I0000. 2.78 5
11000. 2.99 5
12000. 3.20 5
13000. 3.42 5
i_Iooo. 3.64 5
15000. 3.86 5
16000. 4.08 5
17000. 4.31 5
18ooo. 4.53 5
19000. 4.76 5
20000. 4.99 5
21000. 5.21 5
22000. 5.44 5
23000. 5.67 5
24000. 5.90 5
2500O. 6.13 5
SLOPE: .000214 PS_/LB/IN CB: .70
FA: 66721. PSI TAU= 23560. PSI
WBAR: .000214 :: nRt,lll + .70
PSF
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TA BLE A-9
RESULTING OUTPUTS
TITA:IIUH 6AL-4V TEHP: 70. F n= 1.40 PSI
E= .160E 08 PS' FTU= 160000. PSI FCY: 154000. PSI
RICO= .160 LBIINB RIB SPACIr_G= 20.0 Ill
FIXITY COEFFICIEIJT= 2.o4 (OrJE EIJD FIXED, Or_E oI;_:IED)
ORU:I WBAR K ORU:I _,,lf_,AR
I00. .67 13 7500. 2.61
200. .81 8 8000. 2.68
300. .92 7 8500. 2.75
400. 1.00 6 9000. 2.82
500. 1.07 5 9500. 2.90
600. I. 14 4 i0000. 2.97
700. 1.19 3 II000. 3.13
800. i. 25 5 12000. 3.23
900. I. 29 5 13000. 3.43
lO00. 1.34 5 14000. 3.59
1500. . 1.52 ? 15000. 3.75
2ooo. I. 67 7 16000. 3.92
2500. i. 80 7 17000. 4.08
30oo. 1.91 7 1800o. 4.25
3500. 2.01 7 19o0o. 4.42
4009. 2.10 6 20000. 4.59
4500. 2.19 5 21000. 4.76
5000. 2.26 5 22000. 4.93
5500. 2.33 6 23000. 5. I0
6009. 2.40 6 24000. 5.68
6500. 2.47 5 25000. 5.45
7000. 2.54 5
SLOPE= .ooo161 PSFILBIIN CB= 1.38 PSF
FA= 143173. PSI TAU= 496oo. psl
WL_AR= .000161 :: QRUH + 1.38
5
5
5
5
5
5
4
3
5
5
5
5
5
5
5
5
5
5
5
5
5
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TABLE A-10
RESULTING OUTPUTS
TITAr,IIUM 6AL-4V TEHP= 600. F n: 1.40 PSI
E= .131F 08 PSI FTU= ll8000, mSl FCY= 98OO0. PSI
R_IO= .160 L[3111,13 RIi_,SPACIr4G-" 20.0 lq
FIXITY COEFFICIEIIT= 2.04 (ONE END FI;CED, OrJE PI;414ED)
O.RU;_I WBAR K NP.Ur4 tlB AP,
100. .72 12 ?500. 2.99
200. .88 7 8000. 3.09
300. .99 6 8500. 3.20
400. 1.o3 5 9ono. 3.31
50o. I. 16 4 9500. 3._3
600. i. 23 4 lOOOO. 3.54
700. 1.29 5 llOOO. 3.77
800. 1.34 5 12o00. 4. oo
9oo. i. 39 5 13000. 4.24
i00o. I. 44 5 I_400o. 4.48
1500. I. 6_I 7 15000. 4.72
2000. i. 8O 7 16000. 4.97
2500. 1.93 6 170on. 5.22
3000. 2.05 5 18oq0. 5.47
3500. 2.16 6 19000. 5.72
4000. 2.26 6 20000. 5.97
4500. 2.36 5 21000. 6.23
5000. 2.46 5 22000. 6.48
5500. 2.56 5 23000. _.74
6000. 2.66 5 24000. 7.00
6500 2.73 4 25000. 7.26
70o0. 2.88 4
SLOPE= .000236 PSFILBIIN CI3= 1.25 PSF
FA= 97750. PSI TAU= 36580. pet
WBAR= .000236 :: O,RU;_ + I. 25
3
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
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